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©  Electromagnetic  fuel  injector. 

An  electromagnetic  fuel  injector  having  an  energizable 
stator  means  (10)  for  controlling  the  movement  of  a  valve 
member  of  a  valve  assembly  (10)  to  open  and  close  the 
injector  and  thereby  meter  fuel,  said  valve  assembly  com- 
prising  a  valve  housing  (30,  32)  including  a  valve  housing 
bore  (92)  terminating  with  a  valve  seat  (56)  which  is 
connected  to  an  exit  orifice,  a  valve  assembly  (60)  including  a 
valve  (60)  reciprocally  located  in  said  valve  housing  bore, 
operable  to  close  said  exit  orifice  by  sealing  said  valve  seat 
(56)  with  a  ball  valve  (60),  a  swirl  chamber  (43)  for  imparting 
to  the  fuel  flow  exhausted  from  the  exit  orifice  a  swirl 
component  that  is  tangential  with  respect  to  the  spray  axis  of 
the  injector,  and  means  (40)  for  supplying  fuel  from  a 
pressurized  source  to  said  swirl  chamber,  characterized  in 
that  said  fuel  supply  means  includes  means  (70)  forming  a 
hollow  cylinder  (42)  of  fuel  between  said  source  and  said 
swirl  chamber,  and  at  least  one  orifice  (52)  communicating 
fuel  between  said  fuel  cylinder  forming  means  (70)  and  said 
swirl  chamber  (43). 



The  i n v e n t i o n   p e r t a i n s   g e n e r a l l y   to  e l e c t r o m a g n e t i c   i n j e c t o r s  

and  is  more  p a r t i c u l a r l y   d i r e c t e d   to  a  f a s t   a c t i n g ,   high  flow  r a t e   i n j e c -  

tor  v a l v e .  

This  a p p l i c a t i o n   is  r e l a t e d   to  copending  U n i t e d  S t a t e s  

A p p l i c a t i o n   S e r i a l   Number  7  444,  f i l e d   January  29,  1 9 7 9 .  T h e   s u b j e c t  

mat ter   of  t h i s   copending  a p p l i c a t i o n   is  i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

E l e c t r o m a g n e t i c   fue l   i n j e c t i o n   valves   are  g a i n i n g   w i d e  

accep tance   in  the  fue l   me te r ing   a r t   for   both  m u l t i p o i n t   and  s i n g l e   p o i n t  

systems  where  an  e l e c t r o n i c   c o n t r o l   a p p a r a t u s   produces  a  pu l se   width  s i g -  

nal  r e p r e s e n t a t i v e   of  the  q u a n t i t y   of  fue l   to  be  metered  i n to   an  i n t e r n a l  

combust ion  engine .   The  i n j e c t o r s   o p e r a t e   to  open  and  c lose   p r e s s u r i z e d  

fue l   me te r ing   o r i f i c e s   l e a d i n g   to  the  a i r   i n g e s t i o n   paths   of  the  e n g i n e  

by  means  of  a  s o l e n o i d   a c t u a t e d   a rmature   r e spond ing   to  the  e l e c t r o n i c  

s i g n a l .   The  q u a n t i t y   of  f ue l   i n j e c t e d   can  then  be  p r e c i s e l y   t a i l o r e d   t o  

the  o p e r a t i n g   c o n d i t i o n s   of  the  engine   by  c o n t r o l l i n g   the  f ue l   p r e s s u r e ,  
o r i f i c e   s i z e ,   and  the  d u r a t i o n   of  the  i n j e c t o r   on- t ime.   Because  of  r e c e n t  

advances ,   e l e c t r o m a g n e t i c   i n j e c t o r s   are  becoming  very  p r e c i s e   in  t h e i r  

mete r ing   q u a l i t i e s   and  very  f a s t   in  t h e i r   o p e r a t i o n .   With  these   a d v a n -  

tages ,   the  e l e c t r o n i c   fue l   i n j e c t o r   valve  w i l l   con t inue   to  a s s i s t   t h e  

advances  in  e l e c t r o n i c   fue l   m e t e r i n g ,   t he reby   improving  economy,  r e d u c i n g  

emi s s ions ,   and  a i d ing   the  d r i v e a b i l i t y   of  the  v e h i c l e .  

P r e s e n t   e l e c t r o m a g n e t i c   i n j e c t o r s   are  u s u a l l y   d i v i d e d   i n t o  

two  s e c t i o n s   where in   the  f i r s t   s e c t i o n   or  s t a t o r   means  g e n e r a t e s   a  m a g n e t i c  

force   to  c o n t r o l   the  second  s e c t i o n   or  valve  assembly  which  meters   t h e  

fue l .   The  two  s e c t i o n s   are  ope rab ly   coupled  by  a  m a g n e t i c a l l y   a t t r a t a b l e  

armature  p h y s i c a l l y   connected   to  a  va lve   member.  The  valve  member  i s  

normally  b i a sed   a g a i n s t   a  valve  sea t   by  a  c l o s u r e   sp r ing   and  opens  i n  

response   to  the  magnetic  f o r c e .  

Many  of  these   i n j e c t o r   v a l v e s  h a v e   a  fue l   i npu t   under  p r e s -  

sure  to  an  en t ry   por t   at  the  s t a t o r   end  of  the  i n j e c t o r .   The  fue l   t h e n  

flows  by  a  g e n e r a l l y   c e n t r a l   path  th rough  the  body  of  t h e  i n j e c t o r   to  t h e  

valve  assembly.   These  s t r u c t u r e s   are  u s u a l l y   termed  " t o p  f e e d "   i n j e c t o r s .  



Other  i n j e c t o r   s t r u c t u r e s   have  been  made  whereby  lower  p r e s s u r e s   of  f u e l  

input   may  be  made  to  the  end  of  the  va lve   assembly.   These  s t r u c t u r e s   a r e  

u s u a l l y   termed  "bottom  feed"  i n j e c t o r s .   The  lower  fue l   p r e s s u r e   of  t h e  

"bottom  feed"  i n j e c t o r   reduces   the  demand  for  a  more  expens ive   fue l   pump 
and  p r e s s u r i z i n g   system  which  is  n e c e s s i t a t e d   in  the  "top  feed"  i n j e c t o r .  

F u r t h e r ,   wi th   a  "bottom  feed"  i n j e c t o r ,   more  f l e x i b l e   mounting  p r o c e d u r e s  

.may  be  used  to  advantage .   I t   is  known  t h a t   such  "bottom  feed"  i n j e c t o r s  

Can  be  u t i l i z e d   e i t h e r   in  s i n g l e   p o i n t   or  m u l t i - p o i n t   s y s t e m s .  

Examples  of  "bottom  feed"   i n j e c t o r s   and  t h e i r   mounting  s t r u c -  

t u r e s   in  two  advan tageous   s i n g l e   p o i n t   systems  are  found  in  US  A p p l i c a t i o n  

S e r i a l   No.  956  693,  f i l e d   November  1,  1978  in  the  name  of  W.B.  C l a x t o n ,  

and  US  S e r i a l   No.  875  832,  f i l e d   Feb rua ry   7,  1978  in  the  name  of  G.L.  Casey;  

both  of  which  a p p l i c a t i o n s   are  commonly  a s s igned   to  the  a s s i g n e e   of  t h e  

p r e s e n t   a p p l i c a t i o n   and  the  d i s c l o s u r e   of  which  is  hereby  e x p r e s s l y   i n c o r -  

po ra t ed   h e r e i n   by  r e f e r e n c e .  

These  i n j e c t o r s   m e t e r  f u e l   by  the  l e n g t h   of  t ime  t ha t   t h e  

valve  mechanism  is  open  and  have  a  s t a t i c   fuel   flow  r a t e   dependent   upon 
the  s i ze   of  the  ex i t   o r i f i c e .   R e l a t i v e l y   small   changes  in  the  m e t e r i n g  

o r i f i c e   s i z e   can  s u b s t a n t i a l l y   change  the  flow  r a t e   of  the  i n j e c t o r   and 

thus  the  e x i t   o r i f i c e   s i ze   must  be  p r e c i s e l y   c o n t r o l l e d .   C lax ton   d i s -  

c l o s e s   a  means  by  which  the  s t a t i c   flow  r a t e   of  the  fuel   i n j e c t o r   may  be  

t a i l o r e d   a f t e r   assembly  w i thou t   r e b o r i n g   the  ex i t   o r i f i c e .   This  o b v i a t e s  

the  expense  of  r e m a n u f a c t u r i n g   the  i n j e c t o r   i f   the  s t a t i c   flow  r a t e   i s  

out  of  t o l e r a n c e .  

F u r t h e r ,   Claxton  d i s c l o s e s   a  f a c t - a c t i n g   valve  which  can  be  

dynamica l l y   cyc led   into  the  m i l l i s e c o n d   range  because   of  i t s   low-mass  

a rmature   and  needle   valve  c o m b i n a t i o n .   Another  low-mass  a rma tu re   and 

needle   c o m b i n a t i o n   is  i l l u s t r a t e d   in  US  A p p l i c a t i o n   S e r i a l   No.  940  522, 

f i l e d   on  September   8,  1978  by  J.C.  Cromas,  et  al.  and  a s s i g n e d   commonly 

to  the  a s s i g n e e   of  the  p r e s e n t   a p p l i c a t i o n ,   the  d i s c l o s u r e   of  which  i s  

hereby  e x p r e s s l y   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

Another  fuel   i n j e c t o r   hav ing   a  low-mass  a rmature   and  v a l v e  

member  c o m b i n a t i o n   is  d i s c l o s e d   in  a  US  Pa t en t   4  030  688  i s s u e d   in  t h e  

name  of  A.M.  Kiwior  on  July  21,  1977  and  which  is  commonly  a s s igned   w i t h  

the  p r e s e n t   a p p l i c a t i o n .   Kiwior  d i s c l o s e s   the  use  of  a  b a l l   valve  on  t h e  

end  of  a  f l e x i b l e   stem  mating  wi th   a  c o n i c a l   valve  sea t   t h a t   has  been  

coined.   The  a rmature   and  valve  member  combina t ion   of  t h i s   i n j e c t o r   a l s o  

u t i l i z e s   b e a r i n g   s u r f a c e s   on  the  media l   s e c t i o n   for   gu id ing   p u r p o s e s ,  

a l though   i t   has  a  s e l f - c e n t e r i n g   v a l v e .  



While  a l l   of  the  i n j e c t o r s   d i s cus sed   to  t h i s   po in t   can  be  

used  in  e i t h e r   s i n g l e   po in t   or  m u l t i - p o i n t   a p p l i c a t i o n s ,   i t   appears   t h a t  

s i n g l e   p o i n t   a p p l i c a t i o n s   w i l l   become  more  and  more  p r e v a l e n t .   One  s u c h  

s i n g l e   p o i n t   system  r e q u i r e s   an  e l e c t r o m a g n e t i c   i n j e c t o r   t h a t   is  mounted 

above  the  t h r o t t l e   b lade  of  the  a i r   i n g e s t i o n   path  for   the  i n t e r n a l   com- 

b u s t i o n   engine .   When  mounted  in  such  a  manner,  the  most  d e s i r o u s   s p r a y  

p a t t e r n   for   the  i n j e c t o r   is  e i t h e r   f u l l   a t o m i z a t i o n   or  a  wide  a n g l e d  

"hollow  cone"  type  of  p a t t e r n .   The  hollow  cone  spray  p a t t e r n   is  t e r m e d  

such  because   much  of  the  i n j e c t e d   fuel   is  c o n t a i n e d   between  an  inner   and  

ou te r   cone  angle   which  have  t h e i r   apexes  s u b s t a n t i a l l y   at  the  po in t   o f  

i n j e c t i o n .   The  hol low  cone  p a t t e r n   is  advantageous   in  above  t h r o t t l e  

blade  i n j e c t i o n   because   i t   does  not  wet  the  s ides   of  the  t h r o t t l e   b o r e  

or  the  t h r o t t l e   p l a t e s   s u b s t a n t i a l l y   and  d i r e c t s   the  fue l   in to   the  t u r -  

bu l en t   a i r   between  the  t h r o t t l e   blade  and  bore  wall   for  e x c e l l e n t   m i x i n g  

and  a t o m i z i n g   p r i o r   to  engine  i n g e s t i o n .  

One  of  the  methods  of  g e n e r a t i n g   a  wide  angle   spray  is  t o  

g e n e r a t e   a  s w i r l i n g   or  a  v o r t e x   from  the  fue l   i n j e c t o r   which  s p r e a d s  t h e  

fue l   s u b s t a n t i a l l y   u n i f o r m l y   between  the  angles   d e s i r e d .   In  the  a p p l i -  

c a t i o n   by  C lax ton ,   a  number  of  vor tex   g e n e r a t i o n   t e c h n i q u e s   tha t   a r e  
u s e f u l   to  p rov ide   wide  angle  sprays   are  d i s c l o s e d .   F u r t h e r ,   US  P a t e n t  

3  241  168  i s sued   to  Crof t   i l l u s t r a t e s   a  swi r l   g e n e r a t i o n   means  with  a  

swi r l   chamber  in  an  e l e c t r o m a g n e t i c   fuel   i n j e c t o r .  

Cro f t   and  Clax ton ,   however,  g e n e r a t e   wide  angled  spray  p a t -  
t e r n s   t h a t   are  d i f f i c u l t   to  c o n t r o l   at  lower  pulse   wid ths   for   the  i n j e c -  
t o r s .   Both  r e f e r e n c e s   have  s w i r l   chambers  tha t   have  r e l a t i v e l y   l a r g e  
r e s i d u a l   volumes  when  the  i n j e c t o r   is  off .   When  the  i n j e c t o r   is  opened 
the re   is  a  delay  be fo re   the  spray  p a t t e r n   is  r e g e n e r a t e d   and  the  v o r t e x  

can  be  b u i l t   up.  Crof t   a t t e m p t s   to  solve  t h i s   problem  by  us ing  a  c o m p l i -  
cated  r e c i r c u l a t i o n   path  to  c o n t i n u a l l y   move  fue l   th rough   the  s w i r l  

chamber  when  the  va lve   is  c l o s e d .   These  i n j e c t o r s   a l so   meter   fuel   w i t h  

t h e i r   e x i t   o r i f i c e s   which,  as  has  been  exp la ined   b e f o r e ,   makes  them  s u b -  

j e c t   to  c o n t a m i n a t i o n   problems.   The  valve  members  of  t hese   i n j e c t o r s  

f u r h t e r   extend  i n t o   the  va lve   s e a t s   a  s u b s t a n t i a l   l e n g t h   and  t h i s   e x t e n -  

s ion  tends   to  d i s t u r b   the  v o r t e x   genera ted   t h e r e i n .   The  s w i r l i n g   f u e l  

tends  to  drag  a long  the  s u r f a c e s   of  the  valve  t ip   and  lose   momentum. 

The  p r e s e n t   i n v e n t i o n   proposes  an  e l e c t r o m a g n e t i c   fue l   i n -  

j e c t o r   having  an  e n e r g i z a b l e   s t a t o r   means  for  c o n t r o l l i n g   the  movement  o f  

a  valve  member  of  a  va lve   assembly  to  open  and  c lose   the  i n j e c t o r   and 



the reby   meter  fue l ,   sa id   valve  assembly  compr i s i ng   a  valve  housing  i n -  

c l ud ing   a  valve  hous ing   bore  t e r m i n a t i n g   with  a  valve  sea t   which  is  c o n -  

nec ted   to  an  e x i t   o r i f i c e ,   a  valve  assembly  i n c l u d i n g   a  valve  r e c i p r o c a l l y  

l o c a t e d   in  said  valve  hous ing   bore,  o p e r a b l e   to  c lose   said  e x i t   o r i f i c e  

by  s e a l i n g   said  valve  sea t   with  a  b a l l - v a l v e ,   a  sw i r l   chamber  for  i m p a r t -  

ing  to  the  fuel   flow  exhaus ted   from  the  e x i t   o r i f i c e   a  sw i r l   component  

t h a t   is  t a n g e n t i a l   with  r e s p e c t   to  the  spray  axis   of  the  i n j e c t o r ,   and  

means  for  supp ly ing   fue l   from  a  p r e s s u r i z e d   source   to  said  swi r l   chamber ,  

c h a r a c t e r i z e d   in  t h a t   sa id   fuel   supply  means  i n c l u d e s   means  forming  a  h o l -  

low  c y l i n d e r   of  f ue l   between  said  source   and  sa id   swi r l   chamber,  and  a t  

l e a s t   one  o r i f i c e   communicat ing  fue l   between  sa id   fue l   c y l i n d e r   f o r m i n g  

means  and  said  sw i r l   chamber .  

A  high  flow  r a t e   e l e c t r o m a g n e t i c   i n j e c t o r   valve  with  a  r a p i d  

r e sponse   time  is  p rov ided   by  the  i n v e n t i o n .   The  i n j e c t o r   valve  c o m p r i s e s  

an  e l e c t r o m a g n e t i c   s t a t o r   means  and  a  va lve   assembly.   The  valve  a s s e m b l y  

i n c l u d e s   a  valve  hous ing   in  which  a  va lve   member  is  r e c i p r o c a l l y   mounted 

for   opening  and  c l o s i n g   an  ex i t   o r i f i c e .   The  valve  member  s e a t s   a g a i n s t  

a  valve  sea t   c o n n e c t i n g   a  c e n t r a l   valve  hous ing   bore  to  the  ex i t   o r i f i c e .  

Fuel  under  p r e s s u r e   e n t e r s   the  valve  hous ing   bore  via   a  p l u r a l i t y   of  e n t r y  

o r i f i c e   proximate   to  the  valve  member  and  valve  s ea t   i n t e r f a c e   to  p r o v i d e  

a  low  p r e s su re   "bottom  feed"  i n j e c t o r .  

One  f e a t u r e   of  a  p r e f e r r e d   embodiment  of  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  the  c e n t e r i n g   of  the  a rma tu re   w i t h i n   the  c e n t r a l   bore  o f  

the  i n j e c t o r .   In  the  p r e f e r r e d   embodiment,  the  bore  is  machined  to  c l o s e -  

ly  mate  the  e x t e r i o r   s u r f a c e   of  the  a rma tu r e .   A d d i t i o n a l l y ,   the  c e n t r a l  

bore  is  provided  wi th   notch ,   in to   which  is   p laced   an  0 - r i n g .   The  i n t e r i o r  

d i ame te r   of  the  0 - r i n g   is  c l o s e l y   c o n t r o l l e d   to  mate  with  the  o u t s i d e  

d i ame te r   of  the  a rma tu r e .   The  0 - r i n g   is  p r e f e r a b l y - f o r m e d   of  Dupont  

Vespel  SP-22  or  Amoco  Torlong  4301.  

Another  f e a t u r e   of  the  p r e f e r r e d   embodiment  i n v o l v e s   t h e  

u t i l i z a t i o n   of  a x i a l   fue l   passages   in  the  cup-shaped   a rmature   to  r e d u c e  

the  h y d r o s t a t i c   drag  c r e a t e d   by  the  movement  of  the  a rmature   through  t h e  

fue l   in  the  i n j e c t o r   c a v i t y .  

Another  f e a t u r e   of  the  p r e f e r r e d   embodiment  i nvo lves   the  u s e  

of  a  cone  shaped  s p r i n g   guide  to  reduce  the  amount  of  or  s u b s t a n t i a l l y  

e l i m i n a t e   the  s p r i n g   windup  which  occurs   due  to  the  r o t a t i o n a l   movement 

of  the  mechanism  for   a d j u s t i n g   the  s t a t i c   and  dynamic  r e sponse   of  t h e  

i n j e c t o r .  



A  f u r t h e r   f e a t u r e   of  the  p r e f e r r e d   embodiment  of  the  p r e s e n t  

i n v e n t i o n   i nvo lves   the  use  of  hollow  c y l i n d r i c a l   s l e e v e ,   wherein   one  end 

of  the  s l e e v e   is  p rovided   with  a  l ip   to  form  a  space r .   When  i n s t a l l e d ,  

the  s l e e v e   is  c o n c e n t r i c a l l y   l oca t ed   wi th in   the  bore  and  forms  a  ' h o l l o w  

c y l i n d r i c a l   c a v i t y   between  the  s l eeve   and  the  i n s ide   s u r f a c e   of  the  h o u s -  

ing  by  means  of  the  i n t e r a c t i o n   of  the  l ip  and  the  i n s i d e   s u r f a c e   of  t h e  

hous ing .   The  s l eeve   is  formed  with  passages   which  are  t a n g e n t i a l   to  t h e  

i n t e r i o r   of  the  s l eeve   to  c r e a t e   a  s w i r l i n g   of  the  fue l   be ing   fed  to  t h e  

e x i t   o r i f i c e .   Also,  r a d i a l   a p e r t u r e s   may  also  be  p rov ided   to  give  a  

downward  ( toward  the  e x i t   o r i f i c e )   motion  to  the  fue l   and  a l so   to  p r o v i d e  

a d d i t i o n a l   fue l   volume.  

As  a  m o d i f i c a t i o n   of  the  above  noted  p a s s a g e s   formed  in  t h e  

s l eeve   c o n c e n t r i c a l l y   mounted  w i t h i n   the  housing,   i t   is  con templa ted   t h a t  

the  lower  ( c lose   to  the  i n j e c t o r   valve  sea t )   edge  of  the  s l e eve   may  b e  

formed  with  channe ls   in  l i e u   of  the  passages .   Again,  the  channe ls   a r e  

formed  t a n g e n t i a l l y   to  the  bore  of  the  s leeve   to  sw i r l   the  fue l .   I t  

should  be  noted  tha t   the  valve  s e a t  m u s t   be  modif ied   to  accomodate  t h e  

channe l   m o d i f i c a t i o n   and  permi t   fue l   flow  t o ' t h e   e x i t   o r i f i c e .  

A d d i t i o n a l l y ,   the  p r e f e r r e d   embodiment  i n c l u d e s   a  c a p - s t e m -  

b a l l   combina t ion   a rmature   of  the  type  de sc r ibed   in  the  above  r e f e r e n c e d  

US  A p p l i c a t i o n   S e r i a l   No. 7  444.  Since  the  stem  of  the  a rma tu re   is  i n  

the  magnet ic   c i r c u i t   for  the  a rma tu re ,   i t   has  been  d i s c o v e r e d   tha t   t h e  

o p e r a t i o n   of  the  i n j e c t o r   is  improved  by  f a b r i c a t i n g   the  stem  of  non -  

magnet ic   m a t e r i a l .  

To  f u r t h e r   enhance  the  magnetic  c h a r a c t e r i s t i c s   of  the  i n -  

j e c t o r ,   the  main  a i r   gap  a d j u s t i n g   s leeve   is  f a b r i c a t e d   to  be  n o n - s a t u r a -  

t i ng   in  o p e r a t i o n   through  the  proper   s e l e c t i o n   of  m a t e r i a l s   and  c o n f i g u r a -  

t i o n .   Thus,  a  maximum  of  lux  is  forced  through  the  a i r   gap,  and  the  c o i l  

c u r r e n t   and  c o i l   tu rns   are  m i n i m i z e d .  

A  f u r t h e r   f e a t u r e   of  the  p r e sen t   i n v e n t i o n   i n v o l v e s   t h e  

p r o v i s i o n   of  an  ex i t   o r i f i c e   and  flow  path  for  the  f u e l ,   the  flow  p a t h  

i n c l u d i n g   the  mechanism  for  c r e a t i n g   the  swir l   at  the  o u t l e t   of  the  i n -  

j e c t o r .   The  flow  path  is  c r e a t e d   through  the  i n t e r i o r   c a v i t y   of  t h e  

hous ing  and  not  the  i n t e r i o r   of  the  valve  stem.  Thus,  f u e l   is  p e r m i t t e d  

to  c o n t i n u o u s l y   flow  event  dur ing   the  time  the  i n j e c t o r   va lve   is  c l o s e d  

to  reduce   the  i n e r t i a   of  the  fue l   when  the  valve  is  o p e n e d .  

The  i n v e n t i o n   w i l l   now  be  de sc r i bed   with  r e f e r e n c e   to  t h e  

accompanying  drawings  in  w h i c h  :  



-  Figure  1  is  a  s ide   view,  in  c r o s s - s e c t i o n ,   of  a  p r e f e r r e d  

i n j e c t o r   embodiment  i n c o r p o r a t i n g   c e r t a i n  - f e a t u r e s   of  the  p r e s e n t   i n v e n -  

t i o n  ;  

-  Figure  2  is  a  s e c t i o n a l   view  of  the  i n j e c t o r   of  Figure  1 

taken   a long   l i ne   2-2  t h e r e o f  ;  

-  Figure  3  is  a  p a r t i a l   view  of  the  nozz le   end  of  Figure  1 

i l l u s t r a t i n g   a  m o d i f i c a t i o n   to  the  fue l   flow  passageways   t h e r e o f  ;  

-  F igu re  4   is  a  c r o s s - s e c t i o n a l   view  of  the  nozz le   of  F i g u r e  

3  t aken   a long  l ine   3-3  t h e r e o f  ;  

-  Figure  5  is  a  m o d i f i c a t i o n   of  the  nozz le   end  of  the  i n -  

j e c t o r   of  F igure   4 ;  and 

-  Figure   6  is  a  s chemat ic   d e p i c t i o n   of  the  fue l   flow  p a t h  

t h r o u g h   the  i n j e c t o r   of  F igure   1  when  the  fuel   r e c i r c u l a t i o n   system  i s  

e m p l o y e d .  

In  the  t y p i c a l   e l e c t r o n i c   s i n g l e   po in t   fue l   i n j e c t i o n   s y s t e m  

for   the  m e t e r i n g   of  fue l   to  an  i n t e r n a l   combust ion  eng ine ,   the  sys t em 

c o m p r i s e s   an  e l e c t r o m a g n e t i c   i n j e c t o r   valve  10-which  is   e l e c t r i c a l l y   c o n -  

t r o l l e d   by  an  e l e c t r o n i c   c o n t r o l   u n i t .   A  p l u r a l i t y   of  engine   o p e r a t i n g  

p a r a m e t e r s   p rovide   an  i n p u t  t o   the  c o n t r o l   u n i t ,   i n c l u d i n g   the  speed  o r  

RPM  at   which  the  engine  is  t u r n i n g ,   the  a b s o l u t e   p r e s s u r e   of  the  i n t a k e  

m a n i f o l d ,   the  t empera tu re   of  the  a i r   i n g e s t e d ,   and  the  engine   c o o l a n t  

t e m p e r a t u r e ,   by  means  of  c o n v e n t i o n a l   s e n s o r s .  

R e f e r r i n g   now  to  the  drawings,   in  p a r t i c u l a r   to  Figures   1 

and  2  t h e r e o f ,   there   is  i l l u s t r a t e d   an  i n j e c t o r   10  having  a  body  12  which  

is   u t i l i z e d   t o  c l o s e   the  main  o p e r a t i v e   p o r t i o n s   of  the  i n j e c t o r .   The 

o p e r a t i v e   p o r t i o n s   of  the  i n j e c t o r   i nc lude   an  e l e c t r o m a g n e t i c   co i l   16 

which,  when  ene rg i zed ,   g e n e r a t e s   a  f lux   f lowing   th rough   an  a r m a t u r e  

assembly   18  and  a  s t a t o r   assembly  10,  through  an  a i r   gap  22.  The  movement 

of  the  a r m a t u r e   18  causes  the  opening  and  c l o s i n g   of  a  b a l l   and  v a l v e  

s e a t   a s sembly   26  to  c o n t r o l   the  flow  of  f ue l   from  the  i n t e r i o r   of  t h e  

i n j e c t o r   i n t o   the  e n g i n e .  

As  the  t u b u l a r   body  12  is  pa r t   of  the  magnet ic   c i r c u i t   o f  

the  i n j e c t o r ,   the  m a t e r i a l   used  is  p r e f e r a b l y   s t a n d a r d   carbon  s t e e l .   T h i s  

m a t e r i a l   p r o v i d e s   e x c e l l e n t   mechan ica l   s t r e n g t h   and  e x h i b i t s   a d e q u a t e  

magne t i e   p e r m e a b i l i t y   at  low  cos t .   The  body  12,  as  wel l   as  a l l   o t h e r  

o u t s i d e   s u r f a c e   of  the  i n j e c t o r   valve  10  can  be  t r a t e d   by  c o n v e n t i o n a l  

methods  for   c o r r o s i o n   r e s i s t a n c e   and  e n v i r o n m e n t a l   h a z a r d s .  



R e f e r r i n g   p a r t i c u l a r l y   to  the  body  o f  t h e   hous ing  a s s e m b l y  

12,  i t   is  seen  tha t   the  hous ing   is  g e n e r a l l y   formed  of  a  l a r g e  d i a m e t e r  

p o r t i o n   30  and  a  small   d i a m e t e r   p o r t i o n   32,  the  l a rge   d i ame te r   p o r t i o n  

being  formed  with  a  s h o u l d e r   p o r t i o n   34  and  a  rim  p o r t i o n   36.  

The  combina t ion   of  the  shou lder   34  and  rim  p o r t i o n   36  i s  

u t i l i z e d   to  f i rmly   r e t a i n   the  i n t e r i o r   o p e r a t i v e   p o r t i o n s ,   i n c l u d i n g  

armature  assembly  18  and  s t a t o r   assembly  20  w i th in   the  housing  12,  a s  

w i l l   be  more  f u l l y   e x p l a i n e d   h e r e a f t e r .  

R e f e r r i n g   now  to  the  small   d iameter   p o r t i o n   32,  i t   is  s e e n  

t h a t   the  p o r t i o n   32  is  formed  with  an  a p e r t u r e   40  which  communicates  t h e  

e x t e r i o r   of  the  hous ing   12  with  an  i n t e r i o r   fuel   chamber  42.  I t   is  t o  

be  noted  tha t   the  i n j e c t o r   being  de sc r i bed   is  what  is  known  as  a  " b o t t o m  

feed"  i n j e c t o r ,   where in   the  i n j e c t o r   is  i n s e r t e d   i n to   a  fue l   r a i l   and 

fuel   is  i n t r o d u c e d   from  the  fue l   r a i l   through  a p e r t u r e   40  to  the  c a v i t y  

42.  A  s u i t a b l e   f i l t e r   assembly  46  is  provided  which  b a s i c a l l y   c o m p r i s e s  

a  c y l i n d r i c a l   base  member  48  which  base  member  is  f a b r i c a t e d   by  i n j e c t i o n  

molding  g l a s s - f i l l e d   nylon,   in  s i t u ,   on  the  end  of  the  i n j e c t o r .   P r i o r  

to  the  i n j e c t i o n   molding  p r o c e s s ,   a  nylon  screen   50  is  p laced   on  the  end  

of  the  i n j e c t o r ,   and  the  s c reen   50  is  held  in  p lace   by  the  molded  m a t e -  

r i a l .   Thus,  the  fuel   is  f i l t e r e d   p r i o r   to  e n t e r i n g   the  i n t e r i o r   c a v i t y  

of  the  i n j e c t o r .  

The  fue l   f lows  i n to   the  i n j e c t o r   through  passages   40  (some 

of  which  are  not  shown),  f i l l s   the  hollow  c y l i n d r i c a l   c a v i t y   42,  and  

flows  into  the  swi r l   chamber  43  a d j a c e n t   the  b a l l   p o r t i o n   of  the  a r m a t u r e  

assembly  18  through  passage   52.  As  is  bes t   seen  in  F igure   2,  the  p a s s a g e s  

52  are  formed  on  a  t a n g e n t   to  the  i n t e r i o r   c av i ty   of  the  i n j e c t o r   t o  

c r e a t e   the  s w i r l i n g   e f f e c t   d e s c r i b e d   above.  Also,  as  seen  from  F igure   1, 

the  passages   52  are  t i l t e d   toward  the  ex i t   o r i f i c e   of  the  i n j e c t o r   t o  

d i r e c t   fuel   toward  the  o r i f i c e .  

R e f e r r i n g   now  to  the  nozzle   end  of  the  i n j e c t o r   10,  t h e  

small   d iameter   p o r t i o n   32  is  c losed   by  means  of  a  valve  s ea t   element  54 

which  is  press   f i t t e d   i n to   the  end  32  of  the  i n j e c t o r   10.  S p e c i f i c a l l y ,  

the  valve  sea t   is  formed  with  a  con i ca l   su r f ace   56  having  a  coined  p o r -  

t ion   which  mates  with  a  b a l l   60  of  the  a rmature   assembly  18.  The  s e a t  

element  is  p ressed   toward  a  shou lde r   p o r t i o n   62  but  is  spaced  t h e r e f r o m  

by  a  spacer  element  66.  P a r t i c u l a r   d e t a i l s   of  the  s ea t   element  54  may 
be  d i scovered   by  r ev i ewing   the  copending  US  Pa ten t   A p p l i c a t i o n   S e r i a l  

No. 7  444. 



As  d e s c r i b e d   above,  the  f ue l   flows  through  the  f i l t e r   a s s e m -  

bly  46  and  passageway  40  in to   the  c a v i t y   42.  I t   is  seen  t h a t   the  c a v i t y  

42  is  formed  as  a  g e n e r a l l y   hollow  t h i n   wal led  c y l i n d e r ,   the  ou te r   d i a m e t e r  

of  which  is  formed  by  the  i n s i d e   d i a m e t e r   of  the  small   d i ame te r   p o r t i o n   32 ,  

and  the  inner   d i ame te r   of  which  is  formed  by  a  s leeve  e lement   70.  The 

s leeve  e lement   70  is  a lso  formed  as  a  g e n e r a l l y   th in   wa l l ed   hollow  c y l i n -  

d e r   having  an  ou tward ly   ex tend ing   l ip   p o r t i o n   72  which  is  adapted   t o  

engage  the  i n s i d e   d iamete r   of  the  smal l   d iameter   p o r t i o n   32.  Thus,  t h e  

main  wall  of  the   s l eeve   70  is  spaced  from  the  small  d i ame te r   p o r t i o n   32 

by  means  of  l i p   72.  The  s l eeve   70  is  held  in  the  p o s i t i o n   shown,  a b u t -  

t i ng   spacer   66,  by  means  of  a  bowed  r i ng   74.  The  bowed  r i ng   is  f o r c e d  

over  a  s h o u l d e r   78  and  in to   a  groove  80  to  r e t a i n   the  r i ng   74  in  p o s i t i o n .  

In  order  to  p r e c l u d e   wear  and  o x i d a t i o n ,   the  s leeve   70  is  formed  of  300 

s e r i e s   s t a i n l e s s   s t e e l .  

The  s l eeve   70  forms  a  guide  for  the  b a l l   60  of  the  a r m a t u r e  

assembly  18.  The  armature   assembly  1 8  a l s o   i nc ludes   a  cup-shaped   e l e m e n t  

84,  which  e lement   is  a t t a c h e d   to  the  b a l l   60.by  means  of  a  stem  member 

86.  The  stem  member  86  is  formed  of  non-magnet ic   m a t e r i a l   in  o rder   t o  

open  c i r c u i t   the  f lux  path  through  the  stem  86.  In  o rder   to  r i g i d l y  

a t t a ch   one  to  the  o the r ,   the  stem  86  i s   welded  at  one  end  to  the  b a l l   60 

and  at  the  o t h e r   end  to  the  cup-shaped   element  84.  The  cup-shaped   e l e m e n t  

84  is  formed  wi th   a  p l u r a l i t y   of  a p e r t u r e s   88  to  permi t   the  f ree   flow  o f  

f l u i d   from  the  e x t e r i o r   of  the  cup-shaped   element  to  the  i n t e r i o r   of  t h e  

element  84  for   a  purpose  to  be  h e r e i n a f t e r   e x p l a i n e d .  

In  o rder   to  ma in t a in   a l i g n m e n t   of  the  two  p a r t s ,   the  e x t e r i o r  

su r face   of  cup  84  should  be  machined  to  c l o s e l y   mate  wi th   the  i n s i d e   s u r -  

face  of  the  c e n t r a l   bore  92  of  the  hous ing   12.  However,  to  i n s u r e   c e n t e r -  

i n g  o f   the  cup - shaped   element  84  w i t h i n   the  c e n t r a l   bore,   the  hous ing ,   a t  

the  t r a n s i t i o n   between  the  l a rge   d i a m e t e r   p o r t i o n   30  and  the  smal l   d i a m e t e r  

po r t i on   32  is   no tched   to  r e c e i v e   a n  0 - r i n g   96.  The  0 - r i n g   is  shown  a s  

being  p r e f e r a b l y   of  square   c ross   s e c t i o n   and  is  formed  of  Dupont  V e s p e l  

SP-22  or  Amoco  Torlong  4301.  The  i n s i d e   d iameter   of  the  0 - r i n g   96  c l o s e l y  

f i t s   and  s l i d a b l y   engages  the  o u t s i d e   d iamete r   of  cup-shaped   element   84.  

The  s t a t o r   assembly  20  i n c l u d e s   a  pole  p iece   member  100  i n t o  

which  is  t e l e s c o p i c a l l y   r e c e i v e d   a  tube  element  102  and  an  a d j u s t i n g   p i n  

104.  The  pole   p iece   100  is  formed  wi th   a  pa i r   of  a p e r t u r e s   108,  110  wh ich  

are  adapted  to  r e c e i v e   e l e c t r i c a l   c o n n e c t i n g   elements   116  for   the  s o l e n o i d  

co i l   assembly  16.  The  c o i l   assembly  16  is  formed  of  a  m u l t i t u r n   c o i l   114 



which  is  connec ted   to  the  pai r   of  t e r m i n a l s   116,  the  e n t i r e   assembly  b e -  

ing  p l o t t e d   or  e n c a p s u l a t e d   in a  molding  m a t e r i a l   which  covers   s u b s t a n t i a l l y  

a l l   of  the  e x t e r i o r   of  the  co i l   and  t e r m i n a l   a s s e m b l y .  

During  assembly  of  the  i n j e c t o r ,   the  0 - r i n g   96  is  f i t t e d  

in to   the  notch  formed  for  t ha t   purpose ,   and  the  c o i l  a s s e m b l y   16  is  t h e n  

s l i d   in to   the  i n t e r i o r   of  the  la rge   d i ame te r   p o r t i o n .   A  p a i r   of  0 - r i n g s  

1 2 0 ,   122  are  then  p o s i t i o n e d   as  shown  and  the  pole  p iece   100  is   i n s e r t e d  

in to   thr   l a r g e   d i ame te r   p o r t i o n   30.  A  pa i r   of  end  p o r t i o n s   132,  134  a r e  

then  swaged  over  the  pole  piece  100  to  f i rmly   p o s i t i o n   the  pole   p iece   a s  

shown. 

The  tube  102  is  th readed   in to   the  i n t e r i o r   of  the  pole  p i e c e  

100,  the  degree   of  i n s e r t i o n   into  the  pole  p iece   d e t e r m i n i n g   the  amount 

of  a i r   gap  22.  As  is  seen  in  F igure   1,  the  b a l l   60  is  s e a t e d   on  s u r f a c e  

56  which  then  e s t a b l i s h e s   the  p o s i t i o n   of  cup-shaped  element   84  due  t o  

r i g i d   c o n n e c t i o n   between  the  b a l l   60  and  cup-shaped  element   84  by  s t em 

86.  The  a rma tu re   assembly  is  urged  i n to   engagement  with  the  s ea t   s u r -  

face  56  by  means  of  a  spr ing   element  140,  one  end  of  which  s e a t e d - o n   an  

i n t e r i o r   s u r f a c e   of  the  cup-shaped  e lement   84,  and  the  o the r   end  of  which  

engages  a  s p r i n g   guide  element  142.  The  p o s i t i o n   of  the  s p r i n g   g u i d e  

element  w i t h i n   tube  102  is  de termined  by  pin  104  which  is  t h r e a d e d   i n t o  

the  i n t e r i o r   of  tube  102.  An  0 - r i n g   146  is  provided  to  s ea l   the  i n t e r i o r  

cav i ty   of  the  a d j u s t i n g   mechanism  i n c l u d i n g   tube  102  and  p i n  e l e m e n t   104. 

Thus,  with  the  i n j e c t o r   assembly  as  shown,  the  b a l l   60  i s  

urged  in to   engagement  with  su r face   56  by  sp r ing   140,  the  compress ion   o f  

which  is  d e t e rmined   by  the  p o s i t i o n   of  element  142.  Thus,  the  dynamic 

o p e r a t i o n   of  the  b a l l   valve  is  a d j u s t e d   by  means  of  a d j u s t i n g   the  com- 

p r e s s i o n   of  s p r i n g   140. 

The  p a r t i c u l a r l y   c o n f i g u r a t i o n   of  sp r ing   guide  142  has  been 

c o n t r i v e d   to  reduce   or  s u b s t a n t i a l l y   e l i m i n a t e   sp r ing   windup  which  may 

occur  dur ing   the  ad jus tmen t   p rocedure .   Obviously ,   i f   s p r i n g   windup  o c c u r s ,  
the  a d j u s t m e n t   of  the  dynamic  r esponse   of  the  i n j e c t o r   va lve   w i l l   v a r y  
a f t e r   the  va lve   is  cycled  should  sp r i ng   windup  o c c u r . .   This  is  due  to  t h e  

subsequen t   unwinding  of  spr ing   140  as  the  v a l v e  i s   o p e r a t e d .  

In  o rder   to  a d j u s t   t h e  a i r   gap  22,  t h e  s l e e v e   or  tube  102 

is  r o t a t e d   w i t h i n   pole  piece  100  to  a x i a l l y   advance  the  tube  102  w i t h i n  

pole  p iece   100.  A  minimum  a i r   gap  is  e s t a b l i s h e d   by  means  o f  a   shim  150. 

It   is  to  be  noted  t h a t   the  s t a t i c   and  dynamic  ad jus tment   may  be  accom- 

p l i shed   from  one  end  of  the  i n j e c t o r .  



Refe r r i ng   now  to  F igures   3  and  4,  t h e r e   is  i l l u s t r a t e d   a  

m o d i f i c a t i o n   of  the  fuel   feed  and  swi r l   mechanism  of  F igures   1  and  2 .  

In  the  modif ied  embodiment,  t he re   is  i l l u s t r a t e d   a  p l u r a l i t y   of  c h a n n e l s  

or  s l o t s   160  ground  in to   a  modif ied   s l e eve   162,  the  s l e eve   162  b e i n g  

i d e n t i c a l   to  s leeve   70  except   for   the  s u b s t i t u t i o n   of  grooves  160  f o r  

the  pas sages   52.  In  the  event   s l eeve   70  is  mod i f i ed   to  inc lude   g r o o v e s  

1 6 0 ,   i t   is  to  be  unders tood   t h a t   the  s ea t   mechanism  54  must  be  m o d i f i e d  

in  o rder   to  permit   fuel   to  flow  in to   the  a rea   a d j a c e n t   the  mating  of  b a l l  

60  with  sea t   54.  

Re fe r r i ng   now  to  Figure   5,  t h e r e   is  i l l u s t r a t e d   s t i l l   a  

f u r t h e r   m o d i f i c a t i o n   of  the  s l eeve   70.  P a t i c u l a r l y ,   a  s leeve   166  i s  

shown  in  Figure   5,  s l eeve   166  being  p rov ided ,   by  g r i n d i n g   or  molding,  w i t h  

a  p l u r a l i t y   of  t a n g e n t i a l   grooves   168  and  r a d i a l   g rooves   170.  The  t a n -  

g e n t i a l   grooves  168  are  p rov ided   to  cause  a  s w i r l i n g   a c t i o n   of  the  v a l v e  

t i p ,   as  was  the  case  with  grooves   160  and  p a s s a g e s   52.  In  order  to  p r o -  

v ide   an  a d d i t i o n a l   volume  of  fue l   flow  and  a l so   to  p rov ide   a  g e n e r a l l y  

downward  movement  to  the  s w i r l i n g   fue l ,   g rooves   170  are   provided,   w h i c h  

grooves   are  g e n e r a l l y   r a d i a l l y   o r i e n t e d   wi th   the  upper  p o r t i o n   of  t h e  

g rooves   t i l t e d   toward  to  the  e x i t   o r i f i c e   56 .  

R e f e r r i n g   now  to  Figure   6,  t h e r e   is   i l l u s t r a t e d   a  s c h e m a t i c  

d e p i c t i o n   of  the  i n j e c t o r   of  F igure   1,  the  s chema t i c   format  being  u t i -  

l i z e d   to  more  c l e a r l y   i l l u s t r a t e   an  a u x i l i a r y   f ue l   flow.  As  is  r e a d i l y  

a p p a r e n t ,   when  the  i n t e r i o r   c a v i t y   of  the  i n j e c t o r   is  comple te ly   e n c l o s e d ,  

t h e r e   is  no  movement  of  fue l   w i th in   the  c a v i t y .   Thus,  when  the  b a l l  

va lve   is  open  the  fuel   has  a  c e r t a i n   degree   of  i n e r t i a   which  must  b e  

overcome  in  order   to  c r e a t e   the  swi r l   or  v o r t e x   w i t h i n   the  i n t e r i o r   c a v i -  

ty  of  the  i n j e c t o r   and  s t a r t   the  i n j e c t i o n   of  f u e l .   I t   has  been  found  

to  be  d e s i r a b l e   to  have  a  c e r t a i n   amount  of  f u e l   flow  wi th in   the  i n j e c t o r  

d u r i n g   the  time  t ha t   the  i n j e c t o r   is  c l o sed   and  f u e l   is   not  being  i n j e c t e d .  

In  order   to  accompl i sh   t h i s ,   a  vent   176  is  provided  which  i s  

i n t e r c o n n e c t e d   with  a  fue l   r e s e r v o i r   at  a  lower  p r e s s u r e   than  the  f u e l  

p r e s e n t   at  passages   52  formed  in  s l eeve   70  as  d e s c r i b e d   in  c o n j u n c t i o n  

wi th   the  d e s c r i p t i o n   of  F igure   1.  As  high  p r e s s u r e   f ue l   flows  into  p a s -  

sages   52  and,  with  the  b a l l   valve  60  c l o s e d ,   f ue l   w i l l   flow  in  the  d i r e c -  

t i o n   shown  by  the  arrows  in  F igure   6.  In  view  of  the  f a c t   tha t   the  v e n t  

170  is   at  a  low  p r e s s u r e ,   f ue l   w i l l   flow  th rough   a  passage   178  and  o r i -  

f i c e   176  back  to  the  fue l   r e s e r v o i r .   In  t h i s   w a y ,  a   s w i r l i n g   ac t ion   i s  

c r e a t e d   around  b a l l   valve  60,  which  s w i r l i n g   a c t i o n   w i l l   be  p resen t   when 



the  b a l l   valve  60  is  open,  t he reby   i n c r e a s i n g   the  r e sponse   of  the  i n -  

j e c t o r .  

R e f e r r i n g   back  to  F igure   1,  the  vent  176  is  seen  to  be  p o s i -  

t ioned   a d j a c e n t   to  passage   178.  Thus,  fuel  flows  from  the  t ip   c a v i t y ,  

through  the  passages   88  i n to   the  i n t e r i o r   of  cup-shaped  e lement   84.  F u e l  

can  then  flow  through  the  a i r   gap  22  into  passage  178  and  out  of  the  i n -  

j e c t o r   through  vent  176.  Thus  a   flow  path  for  the  fuel   has  been  e s t a -  

b l i s h e d   through  the  i n j e c t o r   from  passage  52  to  vent  176. 

While  a  p r e f e r r e d   embodiment,  and  c e r t a i n   m o d i f i c a t i o n s  

t h e r e t o ,   have  been  i l l u s t r a t e d   and  de sc r ibed ,   i t   is  to  be  u n d e r s t o o d  

t h a t   many  o ther   m o d i f i c a t i o n s   could  be  made  to  the  p r e f e r r e d   and  modi -  

f ied   embodiments  w i t h o u t   d e p a r t i n g   from  the  s p i r i t   and  scope  of  t h e  

f o l l o w i n g   c l a i m s .  



1.  An  e l e c t r o m a g n e t i c   fuel   i n j e c t o r   having  an  e n e r g i z a b l e  

s t a t o r   means  (20)  for  c o n t r o l l i n g   the  movement  of  a  va lve   member  of  a  

va lve   assembly  (10)  to  open  and  c lose   the  i n j e c t o r   and  t he reby   meter  f u e l ,  

s a id   valve  assembly  c o m p r i s i n g  :   a  valve  housing  (30,  32)  i n c l u d i n g   a  

va lve   housing  bore  (92)  t e r m i n a t i n g   with  a  valve  s ea t   (56)  which  is  c o n -  

nec t ed   to  a n - e x i t   o r i f i c e ,   a  valve  assembly  (60)  i n c l u d i n g   a  valve  (60)  

r e c i p r o c a l l y   l o c a t e d   in  said  valve  housing  bore,   o p e r a b l e   to  c lose   s a i d  

e x i t   o r i f i c e   by  s e a l i n g   sa id   va lve   sea t   (56)  with  a  b a l l   valve  (60),  a  

s w i r l   chamber  (43)  for  i m p a r t i n g   to  the  fuel   flow  exhaus t ed   from  the  e x i t  

o r i f i c e   a  swi r l   component  t h a t   is  t a n g e n t i a l   with  r e s p e c t   to  the  s p r a y  

ax is   of  the  i n j e c t o r ,   and  means  (40)  for  supply ing   f u e l   from  a  p r e s s u r i z e d  

source   to  said  sw i r l   chamber,  c h a r a c t e r i z e d   in  t h a t   sa id   f ue l   s u p p l y  

means  i nc ludes   means  (70)  forming  a  hollow  c y l i n d e r   (42)  of  fuel   be tween  

sa id   source  and  said  swi r l   chamber,  and  at  l e a s t   one  o r i f i c e   (52)  commu- 

n i c a t i n g   fue l   between  sa id   f ue l   c y l i n d e r   forming  means  (70)  and  s a i d  

s w i r l   chamber  ( 4 3 ) .  

2.  An  i n j e c t o r   a cco rd ing   to  claim  1,  c h a r a c t e r i z e d   in  t h a t  

sa id   o r i f i c e   (52)  is  p o s i t i o n e d   proximate   to  the  i n t e r f a c e   of  said  b a l l  

va lve   (60)  and  sa id   valve  s ea t   ( 5 6 ) .  

3.  An  i n j e c t o r   acco rd ing   to  claim  2,  c h a r a c t e r i z e d   in  t h a t  

sa id   c y l i n d e r   forming  means  (70)  is  a  s leeve  (70)  having   at  l e a s t   one  

l i p   (72)  formed  t h e r e o n .  

4.  An  i n j e c t o r   acco rd ing   to  claim  3,  c h a r a c t e r i z e d   in  t h a t  

sa id   s l eeve   is  formed  as  a  g e n e r a l l y   th in   walled  hol low  c y l i n d e r   h a v i n g  

an  o u t w a r d l y   ex t end ing   l ip   p o r t i o n   (72)  which  is  adapted   to  engage  t h e  

inne r   s u r f a c e   of  said  hous ing   bore  ( 9 2 ) .  

5.  An  i n j e c t o r   a cco rd ing   to  claim  3,  c h a r a c t e r i z e d   in  t h a t  

sa id   one  o r i f i c e   (52)  is  an  a p e r t u r e   formed  through  sa id   s l eeve   (70)  

a d j a c e n t   said  e x i t   o r i f i c e .  

6.  An  i n j e c t o r   a cco rd ing   to  claim  3,  c h a r a c t e r i z e d   in  t h a t  

sa id   one  o r i f i c e   (52)  is  a  groove  formed  in  said  s l e e v e   (70)  a d j a c e n t  

sa id   e x i t   o r i f i c e .  

7.  An  i n j e c t o r   a cco rd ing   to  claim  5  or  6,  c h a r a c t e r i z e d   i n  

t h a t   sa id   o r i f i c e   (52)  is  formed  t a n g e n t i a l   to  said  hous ing   bore  ( 9 2 ) .  

8.  An  i n j e c t o r   a c c o r d i n g   to  claim  1,  where in   said  v a l v e  

assembly  i n c l u d e s   a  valve  a rmature   (84)  and  a  valve  member  i n c l u d i n g   a  

b a l l   va lve   (60)  r e c i p r o c a l l y   l o c a t e d   in  said  va lve   hous ing   bore  (92),  a  



stem  member  (86)  r i g i d l y   i n t e r c o n n e c t i n g   said  valve  armature  (84)  and 

said  ba l l   valve  (60),   c h a r a c t e r i z e d   in  t ha t   said  stem  member  (86)  i s  

formed  of  non-magne t ic   m a t e r i a l   to  enhance  the  magnetic  c h a r a c t e r i s t i c s  

of  said  i n j e c t o r .  

9.  An  i n j e c t o r   accord ing   to  claim  1,  wherein  said  v a l v e  

assembly  i n c l u d e s   a  g e n e r a l l y   c y l i n d r i c a l l y   s h a p e d  p o r t i o n   (84)  p o s i t i o n e d  

r e m o t e   from  said  e x i t   o r i f i c e ,   c h a r a c t e r i z e d   in  t ha t   i t   comprises   means 

(96)  for  c e n t e r i n g   sa id   c y l i n d r i c a l   shaped  p o r t i o n   (84)  i n c l u d i n g   s h o u l -  

der  means  formed  on  an  i n t e r i o r   su r f ace   of  said  bore  and  c o n c e n t r i c  

t h e r e w i t h ,   and  bushing   means  p o s i t i o n e d   a d j a c e n t   said  shoulder   means  and  

having  an  i n t e r i o r   s u r f a c e   c l o s e l y   f i t t i n g   the  e x t e r i o r   su r f ace   of  s a i d  

c y l i n d r i c a l l y   shaped  p o r t i o n ,   said  bushing  being  mounted  for  r e l a t i v e  

movement  to  one  of  sa id   shoulder   and  said  c y l i n d r i c a l l y   shaped  p o r t i o n .  

10.  An  i n j e c t o r   accord ing   to  c la im  9,  c h a r a c t e r i z e d   in  t h a t  

said  bushing  (96)  is  p o s i t i o n e d   for  r e l a t i v e   movement  between  said  b u s h -  

ing  and  said  c y l i n d r i c a l l y   shaped  p o r t i o n .  

11.  An  i n j e c t o r   accord ing   to  c la ims  9  or  10,  c h a r a c t e r i z e d  

in  tha t   said  bushing  is  f a b r i c a t e d   from  DupontVespel  SP-22  or  Amoco 

Torlon  4301.  

12.  An  i n j e c t o r   accord ing   to  claim  1,  wherein  said  v a l v e  

assembly  i n c l u d e s   a  l a r g e   area  member  (84)  r e c i p r o c a l l   y  l oca ted   i n  

sa id   valve  housing  bore ,   c h a r a c t e r i z e d   in  t h a t   said  large  area  member  i s  

provided  with  a p e r t u r e   means  (88)  to  permit   the  flow  of  fuel   through  s a i d  

f l a t   area  member  and  reduce   the  drag  of  said  f l a t   area  member  through  t h e  

f u e l .  

13.  An  i n j e c t o r   accord ing   to  c la im  12,  c h a r a c t e r i z e d   in  t h a t  

said  f l a t   area  member  is  a  cup-shaped  e lement ,   said  f l a t   area  being  t h e  

bottom  of  said  cup- shaped   e l e m e n t .  

14.  An  i n j e c t o r   accord ing   to  c la im  13,  c h a r a c t e r i z e d   in  t h a t  

said  a p e r t u r e   means  (88)  inc ludes   at  l e a s t   one  a p e r t u r e   in  said  b o t t o m .  

15.  An  i n j e c t o r   according  to  claim  1,  wherein  said  v a l v e  

assembly  comprises   an  a rmature   assembly  (84)  movably  mounted  r e l a t i v e   t o  

said  s t a t o r   means  (20)  w i th in   said  housing  and  movable  in to   and  out  o f  

engagement  with  the  va lve   seat   (56),  said  a rmature   assembly  being  s e p a -  
rab le   from  said  s t a t o r   means  by  an  a i r   gap,  means  (140)  r e s i l i e n t l y   b i a s -  

ing  said  a rmature   means  in to   engagement  with  the  valve  sea t ,   and  s a i d  

r e s i l i e n t   means  being  d i sposed   between  said  s t a t o r   means  and  said  a rma-  

ture   assembly  and  i n c l u d i n g   spr ing   means  and  a  s p r i n g - g u i d e   element  (142)  



e n g a g e a b l e   at  one  end  with  sa id   s t a t o r   means  and  at  the  o the r   end  w i t h  

s a id   s p r i n g   means,  said  s t a t o r   means  i n c l u d i n g   means  (104)  for  a d j u s t i n g  

the  f o r c e   of  said  r e s i l i e n t   means  exe r t s   on  sa id   a rmature   assembly,   s a i d  

a d j u s t i n g   means  engaging  sa id   s p r i n g - g u i d e   e lement   (142)  and  being  r o t a -  

t a b l e   to  a x i a l l y   move  said  s p r i n g - g u i d e   element  and  vary  the  force   on 

sa id   a rma tu re   assembly,   c h a r a c t e r i z e d   in  t h a t   sa id   s p r i n g - g u i d e   e l e m e n t  

.  minimizes   the  t r a n s f e r   of  r o t a r y   motion  to  said  s p r i n g   means  to  p r e c l u d e  

windup  of  said  sp r ing   means .  

16.  An  i n j e c t o r   accord ing   to  claim  15,  c h a r a c t e r i z e d   in  t h a t  

sa id   a d j u s t i n g   means  is  a  pin  having  a  small   d i ame te r   r e l a t i v e   to  t h e  

t r a n s v e r s e   dimension  of  sa id   s p r i n g - g u i d e   e l e m e n t .  

17.  An  i n j e c t o r   accord ing   to  claim  16,  c h a r a c t e r i z e d   in  t h a t  

sa id   s p r i n g   means  is  a  h e l i c a l   sp r ing ,   said  s p r i n g - g u i d e   element  h a v i n g  

a  c i r c u l a r   shoulder   formed  t he reon   to  r e c e i v e   sa id   o the r   end  of  s a i d  

s p r i n g   means .  

18.  An  i n j e c t o r   accord ing   to  claim  17,  c h a r a c t e r i z e d   in  t h a t  

the  d i a m e t e r   of  said  sp r i ng   means  is  s u b s t a n t i a l l y   l a r g e r   than  the  d i a -  

meter   of  sa id   pin  means.  

19.  An  i n j e c t o r   accord ing   to  c l a i m  6 ,   c h a r a c t e r i z e d   in  t h a t  

sa id   a rmature   assembly  i n c l u d e s   a  cup-shaped  e lement   (84),   the  open  end 

of  s a id   cup-shaped  element  f a c i n g   said  r e s i l i e n t   means  and  r e c e i v i n g   s a i d  

one  end  t h e r e o f .  

20.  An  i n j e c t o r   accord ing   to  claim  14,  where in   said  s t a t o r  

means  i n c l u d e s   second  a d j u s t i n g   means  a x i a l l y   movable  to  a d j u s t   said  a i r  

gap,  sa id   second  a d j u s t a b l e   means  being  r o t a t a b l e   r e l a t i v e   to  s a id   s p r i n g ,  

c h a r a c t e r i z e d   in  tha t   sa id   s p r i n g - g u i d e   e lement   p r e c l u d e s   the  r o t a t i o n a l  

motion  of  said  second  a d j u s t a b l e   means  from  being  t r a n s m i t t e d   to  s a i d  

s p r i n g .  
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