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(3)  Fuel  pumping  apparatus. 

(5?)  A  reciprocable  plunger  fuel  injection  pump  has  a  pumping  plunger  (13)  reciprocable  within  a  bore 
(11)  from  which  extends  an  outlet  (12).  A  control  port  (15)  is  formed  in  the  wall  of  the  bore  for 
registration  with  a  helical  groove  (23)  on  the  plunger.  The  control  port  communicates  with  one  end  of  a 
cylinder  (16)  containing  a  spring  biased  piston  (21)  coupled  to  a  valve  member  (20)  which  closes  a  spill 
passage  (19)  communicating  with  the  one  end  of  the  bore. 
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This  invention  relates  to  a  fuel  pumping 
apparatus  of  the  kind  comprising  a  plunger  reciproc- 
able  within  a  bore,  an  outlet  from  one  end  of  the  bore, 
a  port  formed  in  the  wall  of  the  bore  and  a  groove  for- 
med  on  the  plunger,  the  groove  communicating  with 
said  one  end  of  the  bore  and  having  an  inclined  con- 
trol  edge  whereby  the  angular  setting  of  the  plunger 
within  the  bore  determines  the  instant  during  the 
inward  movement  of  the  plunger  at  which  the  port  is 
placed  in  communication  with  the  one  end  of  the  bore 
to  terminate  flow  of  fuel  through  the  outlet 

Such  pumping  apparatus  is  well  known  in  the  art 
and  in  order  to  achieve  a  rapid  reduction  in  the  press- 
ure  in  the  one  end  of  the  cylinder  so  that  the  flow  of 
fuel  through  the  outlet  is  terminated  quickly,  the  port 
has  to  be  large  to  achieve  a  high  rate  of  flow  of  fuel 
as  the  port  is  progressively  uncovered.  Increasing  the 
size  of  the  port  to  achieve  the  required  rate  of  flow  of 
fuel  leads  to  an  increase  in  the  leakage  of  fuel  along 
the  working  clearance  between  the  wall  of  the  bore 
and  the  plunger.  The  rate  of  leakage  of  fuel  also 
increases  as  the  pressure  at  which  fuel  delivered 
through  the  outlet  is  increased. 

It  is  known  in  such  apparatus  to  provide  a  sepa- 
rate  valve  which  can  be  opened  to  allow  fuel  to  escape 
from  the  one  end  of  the  bore.  The  separate  valve  can 
be  operated  electrically  but  this  involves  a  complex 
electronic  control  system  or  it  may  be  operated 
mechanically  or  hydraulically.  Mechanical  actuation 
of  the  valve  can  possibly  involve  the  addition  of  a 
further  cam  in  addition  to  that  which  is  required  to 
actuate  the  pumping  plunger  and  in  the  case  of  hyd- 
raulic  operation  examples  of  apparatus  are  known  in 
which  an  additional  plunger  is  provided  which  pro- 
duces  a  control  pressure  specifically  to  actuate  the 
valve. 

The  object  of  the  present  invention  is  to  provide 
an  apparatus  of  the  kind  specified  in  a  simple  and  con- 
venient  form. 

According  to  the  invention  an  apparatus  of  the 
kind  specified  comprises  a  cylinder  having  an  end 
wall,  an  actuating  piston  slidable  in  said  cylinder  and 
resiliently  biased  towards  said  end  wall,  a  spill  pas- 
sage  extending  from  said  one  end  of  the  bore  into  the 
cylinder  through  said  end  wall,  a  valve  member  mov- 
able  by  the  piston  for  controlling  the  flow  of  fuel 
through  said  spill  passage  and  passage  means  con- 
necting  said  port  with  said  cylinder  whereby  when  dur- 
ing  the  inward  movement  of  the  pumping  plunger,  the 
port  is  uncovered  by  the  control  edge,  fuel  will  flow 
into  the  cylinder  to  effect  movement  of  the  piston  and 
valve  member  thereby  allowing  fuel  flow  through  said 
spill  passage  into  said  cylinder. 

In  the  accompanying  drawings:- 
Figure  1  is  a  diagrammatic  sectional  side  ele- 
vation  of  one  example  of  an  apparatus  in  accord- 
ance  with  the  invention  and 
Figure  2  is  a  view  similar  to  Figure  1  showing  a 

further  modification. 
Referring  to  Figure  1  of  the  drawings  the 

apparatus  comprises  a  housing  10  in  which  is  formed 
a  bore  11.  Communicating  with  one  end  of  the  bore  is 

5  an  outlet  12  which  in  use  is  connected  to  an  injection 
nozzle  of  an  associated  engine.  A  conventional  form 
of  delivery  valve  may  be  incorporated  in  the  outlet. 

Slidable  within  the  bore  11  is  a  pumping  plunger 
13  which  is  driven  inwardly  towards  the  one  end  of  the 

10  bore  by  means  of  an  engine  driven  cam  not  shown. 
The  plunger  is  moved  outwardly  by  means  of  a  return 
spring  and  the  angular  setting  of  the  plunger  within  the 
bore  can  be  adjusted  in  known  manner. 

Formed  in  the  wall  of  the  bore  is  a  filling  port  14 
15  which  in  use,  is  connected  to  a  source  of  fuel  at  low 

pressure.  The  port  14  is  uncovered  to  the  one  end  of 
the  bore  towards  the  end  of  the  outward  movement  of 
the  plunger  13.  Also  formed  in  the  wall  of  the  bore  is 
a  control  port  15  which  is  connected  to  one  end  of  a 

20  cylinder  16  formed  in  the  housing  10.  Formed  in  the 
end  wall  17  of  the  cylinder  at  said  one  end  thereof,  is 
a  seating  1  8  which  is  located  about  a  spill  passage  1  9 
extending  into  the  cylinder  from  the  one  end  of  the 
bore  and  for  engagement  with  the  seating  there  is  pro- 

25  vided  a  valve  member  20  which  is  mounted  on  a  pis- 
ton  21  slidable  in  the  cylinder.  The  piston  is  biased 
towards  the  one  end  of  the  cylinder  by  means  of  a 
coiled  compression  spring  22  and  the  end  of  the  cyli- 
nder  which  contains  the  spring,  is  vented. 

30  In  known  manner  there  is  formed  in  the  plunger 
13  a  groove  23  which  is  provided  with  an  inclined  con- 
trol  edge.  The  groove  23  communicates  with  the  one 
end  of  the  bore  by  way  of  a  passage  in  the  plunger. 

In  operation,  and  starting  from  the  outer  most 
35  position  of  the  plunger,  the  initial  inward  movement  of 

the  plunger  will  displace  fuel  from  the  bore  through  the 
filling  port  14  however,  as  soon  as  this  port  is  covered 
by  the  plunger  the  fuel  in  the  one  end  of  the  bore  will 
be  pressurised  and  displaced  through  the  outlet  12  to 

40  the  associated  engine.  This  flow  of  fuel  continues  until 
the  inclined  control  edge  of  the  groove  23  uncovers 
the  control  port  15  and  as  soon  as  this  occurs,  fuel  at 
the  high  pressure  in  the  one  end  of  the  bore  11  flows 
into  the  cylinder  to  effect  an  initial  displacement  of  the 

45  piston  21  againstthe  action  of  its  spring.  The  displace- 
ment  of  the  piston  lifts  the  valve  member  20  from  the 
seating  and  fuel  can  then  flow  from  the  one  end  of  the 
bore  through  the  spill  passage  1  9  into  the  cylinder  and 
this  flow  of  fuel  continues  until  the  plunger  has  corn- 

so  pleted  its  inward  movement.  The  rapid  flow  of  fuel 
from  the  one  end  of  the  bore  means  that  the  pressure 
of  fuel  supplied  to  the  associated  injection  nozzle  falls 
very  quickly  and  the  valve  member  in  the  nozzle  can 
therefore  close  quickly.  In  some  instances  it  may  be 

55  desirable  to  restrict  the  rate  at  which  the  pressure  of 
fuel  falls  and  this  can  be  achieved  by  providing  a  res- 
triction  35  in  the  passage  through  which  the  end  of  the 
cylinder  16  containing  the  spring  22  is  vented. 

3 
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ms  tne  piunger  starts  its  outwara  movement,  tne 
fuel  previously  displaced  into  the  cylinder  16  will  be 
returned  to  the  bore  by  way  of  the  spill  passage  and 
to  a  certain  extent  by  way  of  the  control  port  15  and 
the  groove  23.  Since  however,  some  fuel  will  have 
been  displaced  to  the  associated  engine,  as  soon  as 
the  filling  port  14  is  uncovered  by  the  plunger  fuel  will 
flow  into  the  bore  from  the  source  of  fuel  under  press- 
ure.  The  piston  and  valve  member  will  therefore 
assume  the  position  shown  in  the  drawing  ready  for 
the  next  inward  movement  of  the  plunger.  By  moving 
the  plunger  angularly  in  known  manner,  the  amount  of 
fuel  which  is  supplied  to  the  associated  engine  can  be 
varied  and  the  conventional  mechanism  for  control- 
ling  the  angular  setting  of  the  plunger  can  still  be  util- 
ised.  At  the  same  time  however  since  the  control  port 
15  is  small,  the  leakage  of  fuel  is  kept  to  a  minimum. 

As  described  above  it  is  the  force  exerted  by  the 
spring  22  which  maintains  the  valve  member  in 
engagement  with  the  seating  18  and  therefore  the 
spring  must  exert  a  considerable  force.  In  order  to 
reduce  the  force  which  is  exerted  by  the  spring,  the 
piston  is  provided  with  an  axial  bore  25  which  com- 
municates  with  the  spill  passage  1  9  by  way  of  a  cent- 
ral  drilling  in  the  valve  member  20.  The  bore  25  is 
occupied  by  a  reaction  plunger  26  and  the  diameter 
of  the  bore  25  is  chosen  so  that  it  is  slightly  smaller 
than  the  effective  seat  diameter  of  the  seating  1  8.  The 
pressure  of  fuel  in  the  bore  25  acts  upon  the  valve 
member  to  substantially  pressure  balance  the  valve 
member  so  that  the  force  which  requires  to  be  exerted 
by  the  spring  22  can  be  reduced. 

No  provision  is  made  in  the  example  of  Figure  1 
For  adjusting  the  timing  of  the  commencement  of  fuel 
delivery  which  takes  place  as  soon  as  the  filling  port 
14  is  covered  by  the  plunger.  If  variation  in  the  timing 
of  fuel  delivery  is  required,  this  can  be  achieved  in 
known  manner  using  a  mechanical  arrangement 
which  adjusts  the  relationship  between  the  actuating 
:am  for  the  plunger  and  the  associated  engine.  Alter- 
natively  and  as  shown  in  Figure  2,  provision  can  be 
made  to  adjust  the  timing  by  varying  the  position  dur- 
ng  the  inward  movement  of  the  plunger  at  which  the 
llling  port  is  covered. 

Referring  to  Figure  2,  there  is  provided  about  the 
ower  portion  of  the  plunger  27  an  axially  adjustable 
sleeve  28.  The  sleeve  defines  a  control  port  29  which 
s  the  equivalent  of  the  control  port  15  in  the  example 
yf  Figure  1  and  in  addition,  on  its  internal  surface  it 
defines  a  circumferential  groove  30  which  is  the 
squivalent  of  the  filling  port  14,  the  groove  30  being 
n  constant  communication  with  a  fuel  supply  passage 
J1.  The  piunger  27  is  modified  by  an  extension  of  the 
axial  drilling  32  which  is  connected  to  the  groove  23, 
he  extended  portion  of  the  drilling  being  connected  by 
soss  drillings  33  to  the  exterior  surface  of  the  piston, 
rhe  drillings  33  communicate  with  the  groove  30 
awards  the  end  of  the  outward  movement  of  the 

plunger,  to  replenish  the  fuel  which  has  flowed  to  the 
associated  engine.  A  mechanism  not  shown,  is  pro- 
vided  for  moving  the  sleeve  28  axially  and  it  will  be 
appreciated  that  as  the  sleeve  is  moved  towards  the 

5  one  end  of  the  bore  the  instant  of  delivery  of  fuel  to  the 
associated  engine  will  be  delayed  and  vice-versa. 
The  space  defined  between  the  sleeve  28  and  the 
underside  of  the  enlarged  portion  of  the  plunger  is 
vented  through  a  passage  34. 

10  As  described  the  outlet  12  is  connected  to  a  fuel 
injection  nozzle  of  an  associated  engine.  The 
apparatus  can  however  be  utilised  to  supply  fuel  to  a 
multi  cylinder  engine  in  which  case  a  distributor  mem- 
ber  is  interposed  between  the  outlet  12  and  the  injec- 

15  tion  nozzles  of  the  engine.  The  fact  that  the  spilled  fuel 
is  returned  to  the  pumping  chamber  defined  by  the 
plunger  and  the  bore  is  particularly  useful  in  this  case 
since  it  eases  the  problem  of  refilling  the  pumping 
chamber  with  fuel. 

20  In  the  case  where  the  outlet  12  is  connected 
directly  to  afuel  injection  nozzle  the  usual  form  of  deli- 
very  valve  can  be  omitted  and  the  pressure  in  the 
pipeline  connecting  the  outlet  12  with  the  nozzle  con- 
trolled  using  the  trailing  flank  of  the  cam  lobe  which 

?5  actuates  the  pumping  plunger. 

Claims 

)0  1  .  A  fuel  pumping  apparatus  for  supplying  fuel  to  an 
internal  combustion  engine  comprising  a  plunger 
(13,  27)  reciprocable  within  a  bore  (11)  an  outlet 
(12)  from  one  end  of  the  bore,  a  control  port  (15, 
29)  formed  in  the  wall  of  the  bore  (11)  and  a 

!5  groove  (23)  formed  on  the  plunger,  the  groove 
communicating  with  said  one  end  of  the  bore  and 
defining  an  inclined  control  edge  whereby  the 
angular  setting  of  the  plunger  within  the  bore 
determines  the  instant  during  the  inward  move- 

'0  ment  of  the  plunger  at  which  the  control  port  (1  5, 
29)  is  placed  in  communication  will  the  one  end 
of  the  bore  (1  1  )  to  terminate  fuel  flow  through  the 
outlet  (12)  characterised  by  a  cylinder  (16)  having 
an  end  wall  (17),  an  actuating  piston  (21)  slidable 

@5  in  the  cylinder  and  resiliently  biased  towards  said 
end  wall  (17)  of  the  cylinder,  a  spill  passage  (19) 
extending  from  said  one  end  of  the  bore  (11)  into 
the  cylinder  (16)  through  said  end  wall  (17),  a 
valve  member  (20)  movable  by  the  actuating  pis- 

<o  ton  (21  )  for  controlling  the  flow  of  fuel  through  said 
spill  passage  (19)  and  passage  means  connect- 
ing  said  port  (15,  29)  with  said  cylinder  (16) 
whereby  when  during  the  inward  movement  of  the 
plunger  (1  3,  27),  the  control  port  (1  5,  29)  is  uncov- 

5  ered  by  the  control  edge,  fuel  will  flow  into  the  cyli- 
nder  to  effect  movement  of  the  piston  (21)  and 
valve  member  (20)  thereby  allowing  fuel  flow 
through  said  spill  passage  (19)  into  said  cylinder 
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(16). 

2.  A  pumping  apparatus  according  to  Claim  1, 
characterised  by  a  spring  (22)  which  biases  the 
actuating  piston  (21)  towards  said  end  wall  (17)  of  5 
the  cylinder. 

3.  A  pumping  apparatus  according  to  Claim  2, 
characterised  by  a  further  bore  (25)  formed  in  the 
piston,  one  end  of  said  further  bore  (25)  communi-  10 
eating  with  said  one  end  of  the  plunger  bore  (1  1  ) 
and  a  reaction  plunger  (26)  located  in  said  further 
bore,  the  diameter  of  said  further  bore  and  said 
reaction  plunger  being  slightly  less  than  the  effec- 
tive  seat  diameter  of  a  seating  (1  8)  with  which  15 
said  valve  member  (20)  cooperates  to  prevent 
fuel  flow  through  spill  passage  (19). 

4.  A  pumping  apparatus  according  to  any  one  of 
Claims  1,  2  or  3,  including  a  restriction  (35)  for  20 
controlling  the  movement  of  the  piston  (21)  away 
from  said  end  wall  (17)  of  the  cylinder. 

5.  A  pumping  apparatus  according  to  Claim  1, 
characterised  by  a  sleeve  (28)  slidable  in  the  bore  25 
(11)  about  said  plunger  (27),  said  port  (29)  being 
formed  in  said  sleeve,  a  groove  (30)  in  the  internal 
surface  of  said  sleeve  in  communication  with  a 
source  of  fuel,  and  a  drillings  (33)  in  the  plunger 
(27)  communicating  with  said  one  end  of  the  bore  30 
(11)  ,  said  sleeve  (28)  being  axially  movable  within 
the  bore  to  adjust  the  instant  during  inward  move- 
ment  of  the  plunger  at  which  the  drillings  (33)  are 
moved  out  of  communication  with  said  groove 
(30)  to  cause  delivery  of  fuel  through  said  outlet  35 
(12)  . 
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