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(54)  Fuel  injection  nozzles  for  internal  combustion  engines. 

(57)  In  a  fuel  injection  nozzle  for  an  internal  combustion  engine  a  valve  member  is  slidably  received  within 
a  bore  (12)  within  the  wall  (4,6,8)  of  a  nozzle  body  (2).  A  first  bore  portion  (20)  extends  from  an  end  face 
(14)  of  the  nozzle  body,  in  which  a  cylindrical  portion  of  the  valve  member  is  a  close  sliding  fit.  A 
reduced  diameter  valve  member  portion  extends  from  the  cylindrical  valve  member  portion  within  a 
further  bore  portion  (26).  The  valve  member  end  seats  in  the  closed  condition  of  the  nozzle  on  a  valve 
seat  (28)  at  the  end  of  the  further  bore  portion  to  prevent  access  of  fuel  to  spray  holes  (30)  in  a  nozzle 
body  tip  (10).  A  fuel  passage  (40)  extends  from  an  inlet  (38)  in  the  end  face  (14)  of  the  nozzle  body  wall 
and  opens  into  a  groove  (44)  in  the  wall  of  the  first  bore  portion  (20).  The  groove  is  spaced  from  the  end 
face  (14)  of  the  nozzle  body  and  extends  along  the  first  bore  portion  (20)  to  open  into  the  further  bore 
portion.  Maximum  cross-sectional  area  and  thus  strength  of  the  nozzle  body  wall  (4,6)  around  the  bore 
are  thus  achieved,  and  the  length  of  the  first  bore  portion  (20)  for  guiding  the  valve  member  is 
maximised,  while  retaining  standard  external  nozzle  body  dimensions. 
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This  invention  relates  to  fuel  injection  nozzles  for 
internal  combustion  engines. 

UK  patent  application  GB2173856A  describes  a 
nozzle  comprising  a  nozzle  body  formed  with  a  central 
bore  extending  from  an  end  face  and  having  two 
spaced  bore  portions  in  which  an  injection  valve  mem- 
ber  is  a  close  sliding  fit,  the  spaced  bore  portions 
being  separated  by  a  fuel  gallery  comprising  an  annu- 
lar  undercut  bore  portion  with  a  radially  extended  col- 
lecting  chamber.  A  first  one  of  the  two  close  fitting 
bore  portions  ends  substantially  adjacent  the  end  face 
of  the  nozzle  body.  Extending  from  the  further  end  of 
the  second  close-fitting  bore  portion,  opposite  the  fuel 
gallery,  is  a  further  nozzle  body  bore  portion  surround- 
ing  a  reduced  diameter  portion  of  the  valve  member. 
The  end  of  the  valve  member  seats,  in  the  closed  con- 
dition  of  the  nozzle,  on  a  valve  seat  formed  in  the 
nozzle  body  to  prevent  access  of  fuel  from  the  further 
bore  portion  to  one  or  more  spray  holes  formed  in  a 
tip  portion  of  the  nozzle  body.  The  nozzle  body  has  a 
fuel  passage  in  a  wall  of  the  body  surrounding  the  first 
close  fitting  bore  portion  and  extending  from  an  inlet 
in  the  end  face  to  the  collecting  chamber  for  supplying 
fuel  thereto.  One  or  more  longitudinal  flats  are  formed 
along  the  portion  of  the  valve  member  surrounded  by 
the  second  close  fitting  bore  portion,  along  which  flats 
fuel  may  flow  from  the  fuel  gallery  to  the  further  bore 
portion  and  thence,  in  the  open  condition  of  the 
nozzle,  to  the  spray  hole  or  holes. 

The  invention  provides  a  fuel  injection  nozzle  for 
internal  combustion  engines  in  which  a  valve  member 
is  slidably  supported  within  a  bore  formed  within  a 
nozzle  body,  the  bore  extending  from  an  end  face  of 
the  body  and  comprising  a  bore  portion  in  which  a 
cylindrical  portion  of  the  valve  member  is  a  close  slid- 
ing  fit,  and  a  further  bore  portion  which  extends  from 
the  close  fitting  bore  portion  and  surrounds  a  reduced- 
diameter  portion  of  the  valve  member,  the  end  of 
which  seats  in  the  closed  condition  of  the  nozzle  on  a 
valve  seat  formed  in  the  nozzle  body  to  prevent 
access  of  fuel  to  one  or  more  spray  holes  formed  in  a 
tip  portion  of  the  nozzle  body,  the  nozzle  body  housing 
a  fuel  passage  extending  within  the  nozzle  body  wall 
from  an  inlet  in  the  end  face,  characterised  in  that  the 
fuel  passage  is  positioned  for  supplying  fuel  to  a  lon- 
gitudinal  groove  formed  in  the  wall  of  the  close  fitting 
bore  portion,  the  longitudinal  groove  being  spaced 
from  the  end  of  the  close  fitting  bore  portion  nearer  the 
end  face  of  the  nozzle  body,  and  extending  along  the 
remainder  of  the  close  fitting  bore  portion  for  supply- 
ing  fuel  to  the  further  bore  portion. 

Advantageously  the  close-fitting  bore  portion  is 
formed  with  more  than  one  longitudinal  groove,  the 
grooves  being  spaced  around  the  circumference  of 
the  bore,  an  annular  fuel  gallery  being  formed  around 
the  circumference  of  the  close-fitting  bore  portion  to 
connect  the  fuel  passage  to  the  longitudinal  grooves. 

The  longitudinal  grooves,  and  the  fuel  gallery  if 

required,  may  be  machined  by  proven  electrochem- 
ical  machining  (ECM)  or  electrical  discharge  machin- 
ing  (EDM)  techniques. 

Embodiments  of  the  invention  will  now  be  des- 
5  cribed  by  way  of  example,  with  reference  to  the 

accompanying  drawings  in  which: 
Figure  1  is  an  axial  section  of  a  nozzle  body 
according  to  the  invention; 
Figure  2  is  a  side  view  of  a  valve  member  to  fit  the 

10  nozzle  body  of  Figure  1  ; 
Figure  3  is  a  radial  section  on  Ill-Ill  of  the  nozzle 
body  of  Figure  1  ; 
Figure  4  is  a  longitudinal  section  of  a  second 
nozzle  body  according  to  the  invention,  and 

15  Figure  5  is  a  radial  section  on  V-V  of  the  nozzle 
body  of  Figure  4. 
The  fuel  injection  nozzle  shown  in  Figure  1  ,  2  and 

3  is  for  use  in  a  compression  ignition  engine.  The 
nozzle  body  2  is  of  the  form  of  a  body  of  revolution 

20  having  a  relatively  large  outside  diameter  upper  end 
section  4,  an  intermediate  outside  diameter  centre 
section  6  and  a  nozzle  forming  portion  8  of  further 
reduced  diameter,  ending  in  a  nozzle  tip  10. 

An  axial  bore  12  extends  from  the  upper  end  face 
25  14  to  the  tip  10.  To  be  mounted  within  the  bore  12  is 

a  valve  member  16,  shown  in  Figure  2,  which  com- 
prises  a  cylindrical  portion  18  which  is  a  close  sliding 
fit  within  a  portion  20  of  the  bore  12  within  the  upper 
end  section  4  and  centre  section  6  of  the  nozzle  body 

30  2.  The  close  fitting  bore  portion  20  leads  from  the 
upperendface  14  into  an  undercut  bore  portion  24  for- 
med  by  an  enlargement  of  the  bore  12.  A  further  bore 
portion  26  extends  from  the  undercut  bore  portion  24 
to  the  tip  1  0,  which  terminates  in  a  frusto-conical  valve 

35  seat  28.  Fuel  spray  holes  30  are  formed  in  the  tip  10 
beyond  the  valve  seat  28.  A  reduced  diameter  portion 
32  of  the  valve  member  16  extends  from  the  close  fit- 
ting  valve  portion  18  through  the  undercut  bore  por- 
tion  24  and  the  further  bore  portion  26.  The  valve 

40  member  16  terminates  in  a  valve  tip  34  comprising  two 
frusto-conical  surfaces  intersecting  at  a  junction  for 
seating  on  the  valve  seat  28. 

The  valve  member  16  is  resiliently  urged  for 
example  by  a  spring  and  thrust  washer  located  on  a 

45  pin  36  into  the  closed  condition  of  the  nozzle  in  which 
the  valve  member  16  seats  on  the  valve  seat  28, 
thereby  closing  off  access  to  the  spray  holes  30  from 
the  clearance  space  between  the  reduced  diameter 
portion  32  of  the  valve  member  16  and  the  further  bore 

so  portion  26.  Fuel  is  delivered  to  the  fuel  injector  nozzle 
at  the  entrance  38  to  the  fuel  supply  passage  40, 
which  extends  within  the  wall  of  the  nozzle  body  2 
from  the  upper  surface  14.  The  passage  40  connects 
to  the  upper  end  42  of  a  longitudinal  groove  44  formed 

55  along  a  part  of  the  wall  of  the  close  fitting  bore  portion 
20.  The  longitudinal  groove  44  extends  from  a  point 
42  approximately  midway  between  the  upper  face  14 
of  the  nozzle  body  2  and  the  undercut  bore  portion  24, 
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to  open  into  the  undercut  bore  portion  24. 
Fuel  supplied  to  the  fuel  supply  passage  40  can 

thus  flow  through  the  longitudinal  groove  44  to  the 
undercut  bore  portion  24  and  into  the  clearance  space 
between  the  bore  12  and  the  reduced  diameter  por- 
tion  32  of  the  valve  member  16.  When  fuel  is  supplied 
under  pressure  by  a  fuel  injection  pump,  the  fuel 
pressure  lifts  the  valve  member  1  6  from  the  valve  seat 
28  against  the  spring  located  on  the  pin  36,  and  fuel 
flows  under  pressure  through  the  spray  holes  30. 

The  fuel  supply  passage  40  is  a  straight  passage 
and  can  therefore  be  drilled  mechanically.  The  lon- 
gitudinal  groove  44  may  be  formed  by  mechanical 
machining,  or  advantageously  by  proven 
electrochemical  machining  (ECM)  or  electrical  dis- 
charge  machining  (EDM)  techniques.  The  groove  44 
should  preferably  be  formed  after  the  passage  40  has 
been  drilled  especially  if  ECM  is  to  be  used,  as  the 
ECM  process  tends  to  remove  burrs  and  sharp  edges 
formed  by  mechanical  machining.  Such  burrs  and 
sharp  edges  may  otherwise  break  free  from  the 
nozzle  body  during  operation  of  the  injector  under  the 
influence  of  fuel  pressure  pulses,  and  can  cause  dam- 
age  to  the  nozzle  or  engine  or  detrimentally  affect  its 
operation. 

The  outer  dimensions  of  the  nozzle  body  2  are 
determined  by  the  application  in  which  it  is  to  be  used, 
standardised  nozzle  body  dimensions  being  required 
for  most  applications.  The  invention  provides  a  nozzle 
in  which,  forgiven  outer  body  dimensions,  the  nozzle 
strength  is  high  since  the  thickness  of  the  web  46 
adjacent  the  undercut  bore  portion  24  is  greater  than 
in  conventional  nozzles.  A  fillet  48  may  be  added  in 
nozzles  for  certain  applications  further  to  increase  the 
thickness  of  the  web  46.  In  addition  the  length  of  the 
close-fitting  bore  portion  20  may  be  increased  com- 
pared  with  conventional  nozzles,  providing  better 
location  and  guiding  of  the  valve  member  16. 

A  second  embodiment  of  the  invention  is  shown 
in  Figures  4  and  5,  in  which  three  parallel  longitudinal 
grooves  are  formed  along  the  lower  part  of  the  close- 
fitting  bore  portion  120.  The  fuel  supply  passage  140 
is  a  straight  passage,  as  in  the  nozzle  body  of  Figures 
1  and  3,  but  connects  at  its  lower  end  to  a  fuel  gallery 
150  which  comprises  an  annular  recess  around  the 
wall  of  the  close-fitting  bore  portion  120.  The  fuel  gal- 
lery  150  may  be  formed  by  mechanical  machining  or 
advantageously  by  ECM  or  EDM.  The  fuel  gallery  1  50 
connects  to  the  upper  end  142  of  each  of  the  three  lon- 
gitudinal  grooves  144.  Fuel  thus  flows  from  the  supply 
passage  140,  to  the  fuel  gallery  150  and  along  the 
grooves  144  to  the  undercut  bore  portion  124.  The 
same  valve  member  16  shown  in  Figure  2  may  be 
used  with  both  embodiments  of  the  nozzle  body  of  the 
invention. 

In  the  embodiment  of  Figures  4  and  5,  as  clearly 
seen  in  Figure  5  each  of  the  longitudinal  grooves  may 
be  of  smaller  cross-sectional  area  than  the  single 

groove  of  the  first  embodiment  while  still  providing  the 
same  area  for  the  flow  of  fuel  from  the  supply  passage 
to  the  undercut  bore  portion. 

The  strength  of  the  nozzle  body  in  the  second 
5  embodiment  may  therefore  be  greater  than  that  of  the 

first  as  the  thickness  of  the  webs  146  may  be  larger 
than  that  of  the  web  46  for  given  external  nozzle  body 
dimensions.  In  addition,  any  side  loading  of  the  valve 
member  16  caused  by  fuel  pressure  in  the  single  lon- 

10  gitudinal  groove  44  of  the  first  embodiment  is 
alleviated  by  the  symmetrical  arrangement  of  grooves 
144  in  the  second  embodiment. 

Different  numbers  of  grooves  may  also  be  used. 
For  example  more  than  three  grooves  may  be  used  if 

15  increased  web  thickness  is  required. 

Claims 

20  1.  A  fuel  injection  nozzle  for  an  internal  combustion 
engine  in  which  a  valve  member  (16)  is  slidably 
supported  within  a  bore  (12)  formed  within  a 
nozzle  body  (2),  the  bore  (12)  extending  from  an 
end  face  (14)  of  the  body  (2)  and  comprising  a 

25  bore  portion  (20,120)  in  which  a  cylindrical  portion 
(18)  of  the  valve  member  (16)  is  a  close  sliding  fit, 
and  a  further  bore  portion  (24,26,124)  which 
extends  from  the  close  fitting  bore  portion 
(20,120)  and  surrounds  a  reduced-diameter  por- 

30  tion  (32)  of  the  valve  member  (16),  the  end  (34) 
of  which  seats  in  the  closed  condition  of  the 
nozzle  on  a  valve  seat  (28)  formed  in  the  nozzle 
body  (2)  to  prevent  access  of  fuel  to  one  or  more 
spray  holes  (30)  formed  in  a  tip  portion  (10)  of  the 

35  nozzle  body  (2),  the  nozzle  body  (2)  housing  a 
fuel  passage  (40,140)  extending  within  the  nozzle 
body  wall  (4)  from  an  inlet  (38)  in  the  end  face 
(14),  characterised  in  that  the  fuel  passage 
(40,140)  is  positioned  for  supplying  fuel  to  a  lon- 

40  gitudinal  groove  (44,144)  formed  in  the  wall  of  the 
close  fitting  bore  portion  (20,120),  the  longitudinal 
groove  (44,144)  being  spaced  from  the  end  of  the 
close  fitting  bore  portion  (20,120)  nearer  the  end 
face  (14)  of  the  nozzle  body  (2),  and  extending 

45  along  the  remainder  of  the  close  fitting  bore  por- 
tion  (20,120)  for  supplying  fuel  to  the  further  bore 
portion  (24,26,124). 

2.  A  nozzle  according  to  claim  1  characterised  in 
so  that  the  inner  surface  of  the  close  fitting  bore  por- 

tion  (20,120)  is  formed  with  more  than  one  lon- 
gitudinal  groove  (144),  the  grooves  being 
circumferentially  spaced  around  the  bore  and  an 
annular  fuel  gallery  (150)  being  formed  around 

55  the  circumference  of  the  close  fitting  bore  portion 
interconnecting  the  longitudinal  grooves. 

3.  A  nozzle  according  to  claim  2  in  which  the  fuel 
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passage  (140)  opens  into  the  fuel  gallery  (150). 

4.  A  nozzle  according  to  claim  1  ,2  or  3  characterised 
in  that  the  groove  (44)  orgrooves  (144)  and/or  the 
fuel  gallery  (150)  are  formed  by  electrochemical  5 
machining  (ECM)  or  electrical  discharge  machin- 
ing  (EDM). 
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