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(54)  Pumping  apparatus  

(57)  A  fuel  pumping  apparatus  comprises  a  low 
pressure  pump  (47)  which  supplies  fuel  to  a  high  pres- 
sure  pump.  The  quantity  of  fuel  supplied  to  the  high 
pressure  pump  and  therefore  to  the  associated  engine 
is  determined  by  an  adjustable  orifice  (48)  controlled  by 
a  mechanical  or  electronic  governor.  A  further  adjusta- 
ble  orifice  (49)  is  connected  in  series  with  the  first  men- 
tioned  orifice  and  th  is  is  adjustable  to  vary  the  response 
of  the  governor. 
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Description 

This  invention  relates  to  a  fuel  injection  pumping  ap- 
paratus  for  supplying  fuel  to  an  internal  combustion  en- 
gine  and  of  the  kind  comprising  a  high  pressure  pump  s 
operable  in  timed  relationship  with  the  associated  en- 
gine  to  deliver  fuel  to  the  engine  cylinders  in  turn,  a  low 
pressure  pump  for  supplying  fuel  to  the  high  pressure 
pump  during  the  filling  periods  thereof  and  flow  control 
means  including  an  adjustable  orifice  for  varying  the  10 
amount  of  fuel  which  is  supplied  to  the  high  pressure 
pump,  said  flow  control  means  further  including  means 
for  adjusting  said  orifice. 

In  one  known  form  of  such  apparatus  the  high  pres- 
sure  pump  comprises  a  pair  of  plungers  housed  in  a  di-  15 
ametrically  disposed  bore  formed  in  a  rotary  distributor 
member  which  is  arranged  to  be  driven  in  timed  rela- 
tionship  with  the  associated  engine.  The  plungers  are 
moved  inwardly  by  the  action  of  cam  lobes  formed  on 
the  internal  peripheral  surface  of  an  annular  cam  ring  20 
and  the  fuel  displaced  from  the  bore  is  delivered  to  one 
of  a  plurality  of  outlet  ports  formed  in  a  body  part  which 
houses  the  distributor  member.  The  low  pressure  pump 
is  a  vane  pump  the  rotary  part  of  which  is  coupled  to  the 
distributor  member  and  the  inlet  and  outlet  of  the  pump  25 
are  interconnected  by  a  relief  valve.  The  flow  control 
means  comprises  an  angularly  adjustable  throttle  mem- 
ber  in  which  is  formed  a  groove  positioned  to  communi- 
cate  with  a  port  formed  in  the  wall  of  a  cylinder  in  which 
the  throttle  member  is  mounted.  The  groove  and  port  30 
form  the  adjustable  orifice  and  the  degree  of  restriction 
offered  by  the  orifice  depends  upon  the  angular  setting 
of  the  throttle  member. 

The  angular  setting  of  the  throttle  member  can  be 
determined  by  a  mechanical  governor  or  the  throttle  35 
member  may  be  coupled  to  an  electromagnetic  actua- 
tor,  the  supply  of  current  to  which  and  hence  the  setting 
of  the  throttle  member,  is  controlled  by  an  electronic  gov- 
ernor.  In  each  case  there  is  provision  for  an  operator 
controlled  input  to  the  governor  whereby  the  amount  of  40 
fuel  supplied  to  the  associated  engine  can  be  adjusted. 

Manufacturing  tolerances  inevitably  mean  that 
each  pumping  apparatus  and  its  associated  governor 
will  have  a  different  response  or  gain  so  that  if  the  op- 
erator  controlled  inputs  for  example  of  a  pair  of  appara-  45 
tus/governor  assemblies  are  altered  by  the  same 
amount,  the  fuel  delivered  by  each  assembly  in  re- 
sponse  to  the  change,  will  be  different.  In  instances 
where  the  pumping  apparatus/governor  assembly  in- 
cludes  provision  for  shaping  the  maximum  torque  curve  so 
of  the  engine,  the  torque  control  function  may  be  im- 
paired. 

The  object  of  the  invention  is  to  provide  an  appara- 
tus  of  the  kind  specified  in  a  simple  and  convenient  form. 

According  to  the  invention,  an  apparatus  of  the  kind  55 
specified  includes  a  further  adjustable  orifice  connected 
in  series  with  said  flow  control  means. 

An  example  of  a  fuel  pumping  apparatus  with  a  me- 

chanical  governor  will  now  be  described  with  reference 
to  the  accompanying  drawings  in  which:- 

Figure  1  is  a  sectional  side  elevation  of  the  pumping 
apparatus  and  governor;  and 

Figure  2  is  a  diagrammatic  representation  of  the  ap- 
paratus  shown  in  Figure  1. 

Referring  to  Figure  1  of  the  drawings  there  is  shown 
at  1  0  a  fuel  pumping  apparatus  and  at  1  1  part  of  a  gov- 
ernor  mechanism.  The  pumping  apparatus  comprises  a 
body  part  12  within  which  is  located  a  fixed  sleeve  13 
and  rotatably  mounted  in  the  sleeve  1  3  is  a  rotary  dis- 
tributor  member  14.  The  distributor  member  is  coupled 
to  a  drive  shaft  15  which  extends  to  the  exterior  of  a 
casing  16,  the  drive  shaft  in  use  being  arranged  to  be 
driven  in  timed  relationship  with  the  associated  engine. 
The  body  part  12  is  secured  within  the  open  end  of  the 
casing  16. 

The  distributor  member  14  is  provided  with  an  en- 
larged  portion  adjacent  one  end  of  the  sleeve  1  3  and  in 
which  is  formed  a  diametrically  disposed  bore  17  in 
which  is  located  a  pair  of  pumping  plungers  1  8.  At  their 
outer  ends  the  plungers  are  engaged  by  cam  followers 
which  include  rollers  19  and  these  are  engageable  by 
cam  lobes  formed  on  the  internal  peripheral  surface  of 
an  annular  cam  ring  20.  The  cam  ring  is  angularly  ad- 
justable  about  the  axis  of  rotation  of  the  distributor  mem- 
ber  by  means  of  a  piston  21  housed  within  a  cylinder  22. 
The  piston  is  coupled  to  the  cam  ring  by  means  of  a  peg 
23. 

Formed  in  the  distributor  member  is  an  axially  ex- 
tending  passage  24  which  communicates  with  the  bore 
17  intermediate  the  plungers  and  it  also  communicates 
with  a  radially  extending  delivery  passage  25  which 
opens  onto  the  periphery  of  the  distributor  member  so 
that  it  can  communicate  in  turn  with  a  plurality  of  outlet 
ports  26  which  in  use,  are  connected  to  the  injection  noz- 
zles  respectively  of  the  associated  engine.  The  commu- 
nication  between  the  delivery  passage  and  an  outlet  port 
is  arranged  to  occur  during  the  time  when  the  plungers 
18  are  moved  inwardly  by  the  cam  lobes. 

The  passage  24  also  communicates  with  a  plurality 
of  inlet  passages  27  which  extend  to  the  periphery  of 
the  distributor  member  and  which  are  arranged  to  reg- 
ister  in  turn  with  an  inlet  port  28  formed  in  the  sleeve  1  3. 
The  port  28  communicates  with  a  passage  29  formed  in 
the  body  part  and  this  passage  defines  a  port  30  in  the 
wall  of  a  cylinder  31  formed  in  the  body  part. 

In  the  cylinder  31  there  is  mounted  an  angularly  ad- 
justable  throttle  member  32  and  formed  on  the  throttle 
member  is  a  groove  33  which  by  way  of  drillings  in  the 
sleeve  13  and  a  peripheral  groove  in  the  distributor 
member,  communicates  with  the  outlet  34  of  a  low  pres- 
sure  fuel  supply  pump  of  the  vane  type  the  rotor  35  of 
which  is  driven  by  the  distributor  member.  The  low  pres- 
sure  pump  has  an  inlet  36  which  communicates  with  a 
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fuel  inlet  37  connected  in  use  to  a  source  of  fuel.  The 
inlet  and  outlet  of  the  low  pressure  pump  are  intercon- 
nected  by  a  relief  valve  which  controls  the  output  pres- 
sure  of  the  low  pressure  pump  in  a  manner  so  that  it 
varies  with  the  speed  at  which  the  apparatus  is  driven. 

The  outlet  34  of  the  low  pressure  pump  is  connected 
to  one  end  of  the  cylinder  22  which  houses  the  piston 
21  and  in  the  opposite  end  of  this  cylinder  there  is  locat- 
ed  a  spring  which  biasses  the  piston  in  opposition  to  the 
force  generated  by  the  fuel  pressure.  Located  in  the  pas- 
sage  leading  to  the  cylinder  is  an  anti-shock  valve  39. 

In  operation,  and  with  the  various  parts  in  the  posi- 
tion  shown  in  Figure  1,  fuel  is  being  supplied  from  the 
low  pressure  pump  to  the  bore  17  to  effect  outward 
movement  of  the  plungers,  by  way  of  the  groove  33  in 
the  metering  valve  32,  the  port  30  and  the  inlet  port  28 
and  one  of  the  inlet  passages  27. 

The  amount  of  fuel  supplied  depends  upon  the  an- 
gular  setting  of  the  throttle  member  32.  As  the  distributor 
member  continues  to  rotate  the  inlet  passage  27  will 
move  out  of  register  with  the  inlet  port  28  and  the  deliv- 
ery  passage  25  will  move  into  register  with  one  of  the 
outlet  ports  26.  Further  rotation  of  the  distributor  mem- 
ber  will  cause  the  plungers  to  be  moved  inwardly  by  the 
inter-action  of  the  rollers  19  with  the  leading  flanks  of 
the  cam  lobes,  the  position  of  the  distributor  member  at 
which  such  inward  movement  takes  place  depending 
upon  the  amount  of  fuel  which  has  been  supplied  to  the 
bore  1  7.  As  the  plungers  are  moved  inwardly  fuel  is  de- 
livered  to  one  of  the  outlet  ports  and  is  supplied  to  the 
respective  injection  nozzle  of  the  associated  engine. 
When  the  rollers  reach  the  crests  of  the  cam  lobes  the 
supply  of  fuel  ceases  and  during  continued  rotation  the 
delivery  passage  moves  out  of  register  with  the  outlet 
26  and  the  next  inlet  passage  27  moves  into  register 
with  the  inlet  port  28.  Thereafter  the  cycle  of  operation 
as  described  above  is  repeated  and  fuel  is  supplied  to 
the  injection  nozzles  in  turn.  The  instant  of  inward  move- 
ment  of  the  plungers  also  depends  upon  the  angular  po- 
sition  of  the  cam  ring  20  and  as  the  speed  of  operation 
of  the  apparatus  increases  so  also  does  the  outlet  pres- 
sure  of  the  low  pressure  pump.  The  effect  is  to  move  the 
cam  ring  contrary  to  the  direction  of  rotation  of  the  dis- 
tributor  member  to  advance  the  timing  of  fuel  delivery. 

The  governor  mechanism  11  includes  a  plurality  of 
centrifugal  weights  40  which  are  housed  in  a  cage  41 
mounted  on  and  driven  by  the  drive  shaft.  The  weights 
40  have  toe  portions  engageable  with  a  thrust  member 
carried  by  an  axially  moveable  sleeve  42  mounted  on 
the  drive  shaft.  A  governor  lever  43  is  pivotally  mounted 
intermediate  its  ends  and  one  end  of  the  lever  engages 
the  sleeve  42  and  the  opposite  end  is  coupled  to  one 
end  of  a  governor  spring  44  the  opposite  end  of  which 
is  connected  to  an  arm  mounted  on  an  angularly  adjust- 
able  control  member  45  the  position  of  which  is  deter- 
mined  by  the  engine  operator.  The  other  end  of  the  lever 
43  is  connected  by  a  link  46  to  an  arm  carried  by  the 
throttle  member  32.  In  operation,  for  a  given  setting  of 

the  operator  adjustable  member  45  as  the  speed  of  op- 
eration  of  the  associated  engine  increases,  the  weights 
40  move  outwardly  and  effect  axial  movement  of  the 
sleeve  42.  This  movement  of  the  sleeve  results  in  pivotal 

5  movement  of  the  arm  43  against  the  action  of  the  spring 
44  and  by  way  of  the  link  46  results  in  angular  adjust- 
ment  of  the  throttle  member  in  a  direction  to  reduce  the 
effective  size  of  the  orifice  constituted  by  the  groove  33 
and  the  port  30.  As  a  result  the  amount  of  fuel  which  is 

10  delivered  to  the  associated  engine  is  reduced  and  the 
speed  of  the  engine  settles  to  a  governed  value.  If  the 
speed  of  the  associated  engine  falls  the  force  exerted 
by  the  weights  40  is  reduced  and  the  arm  43  moves  in 
the  opposite  direction  to  effect  an  increase  in  the  amount 

is  of  fuel  which  is  supplied  to  the  associated  engine.  If  the 
control  member  45  is  moved  to  increase  the  force  ex- 
erted  by  the  spring  44  the  governor  weights  are  moved 
inwardly  and  an  increased  amount  of  fuel  is  supplied  to 
the  associated  engine  resulting  in  an  increasing  engine 

20  speed  and  vice  versa. 
Turning  now  to  Figure  2,  the  throttle  valve  32  togeth- 

er  with  the  groove  33  and  the  port  30  are  collectively 
indicated  at  48  and  the  low  pressure  pump  and  relief 
valve  are  collectively  indicated  at  47.  As  previously  stat- 

es  ed  manufacturing  tolerances  result  in  performance  dif- 
ferences  between  individual  pumps.  In  order  to  mini- 
mise  such  differences  in  the  pumping  apparatus/gover- 
nor  assemblies  as  supplied  to  a  customer,  it  is  proposed 
to  provide  in  the  fuel  connection  between  the  low  pres- 

30  sure  pump  47  and  the  distributor  member,  such  connec- 
tion  including  the  adjustable  orifice  formed  by  the  throttle 
valve  and  associated  port,  a  further  adjustable  orifice 
49.  Conveniently  this  is  disposed  intermediate  the  low 
pressure  pump  and  the  throttle  valve. 

35  Once  assembly  of  the  pumping  apparatus  and  the 
governor  have  been  completed  the  complete  assembly 
is  tested  and  the  size  of  the  further  orifice  49  adjusted 
so  that  the  amount  of  fuel  delivered  by  the  apparatus  at 
a  particular  speed  and  for  a  particular  setting  of  the  op- 

40  erator  adjustable  member  45  corresponds  to  a  desired 
value.  This  adjustment  is  preferably  carried  out  at  the 
peak  torque  fuel  level  of  the  engine  which  is  to  be  sup- 
plied  with  fuel. 

The  further  adjustable  orifice  49  is  not  intended  to 
45  be  adjusted  in  the  use  of  the  apparatus  and  may  have 

a  number  of  forms  such  for  example,  as  a  taper  needle 
valve,  an  orifice  plate  or  a  screw  in  plug. 

Adjustment  of  the  further  adjustable  orifice  as  de- 
scribed  enables  the  sensitivity  of  the  throttle  valve  to  be 

so  varied  and  such  adjustment  also  controls  the  governor 
droop,  this  normally  being  varied  or  adjusted  by  altering 
the  rate  of  the  governor  spring  44.  This  adjustment  has 
no  effect  on  the  maximum  amount  of  fuel  which  can  be 
supplied  by  the  apparatus  to  the  associated  engine,  this 

55  being  determined  by  adjustable  stops  which  limit  the 
outward  movement  of  the  pumping  plungers.  Such 
stops  are  shown  at  50  in  Figure  1  . 

It  will  be  appreciated  that  the  mechanical  governor 
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11  may  be  replaced  by  an  electronic  governor  in  which 
the  angular  setting  of  the  throttle  valve  is  determined  by 
an  electromagnetic  actuator.  In  this  case  the  flow  of 
electric  current  in  the  winding  of  the  actuator  is  control- 
led  by  an  electronic  control  system  responsive  to  the  en-  s 
gine  speed  and  having  an  input  from  an  operator  adjust- 
able  control. 

The  effect  of  providing  the  further  adjustable  orifice 
49  is  to  enable  matching  of  the  completed  assemblies 
to  be  carried  out  and  this  enables  the  customer  to  be  10 
supplied  with  assemblies  which  are  more  consistent  so 
far  as  the  governing  function  is  concerned. 

An  apparatus  of  the  general  type  as  shown  in  Figure 
1  will  in  practice  be  provided  with  an  electrically  operat- 
ed  stop  valve  which  is  incorporated  in  the  fuel  flow  line  15 
between  the  outlet  34  of  the  low  pressure  pump  and  the 
throttle  valve.  The  stop  valve  is  biased  to  the  closed  po- 
sition  and  is  held  open  by  electric  current  which  is  sup- 
plied  when  the  key  operable  switch  of  the  vehicle  is 
turned  to  the  start  and  run  positions.  In  a  modification  20 
the  throttle  valve  is  biased  by  a  spring  into  engagement 
with  an  adjustable  stop  so  that  it  can  serve  as  the  further 
adjustable  orifice.  The  stop  valve  is  replaced  by  an  elec- 
trically  controlled  variable  orifice  valve  which  would  be 
powered  by  an  electronic  control  system.  25 

The  pumping  apparatus  may  be  provided  with  a  so 
called  torque  control.  Such  a  control  is  intended  to  pro- 
vide  a  limit  to  the  maximum  amount  of  fuel  which  can 
be  supplied  to  the  associated  engine.  This  limit  may  vary 
with  engine  speed  and  will  vary  as  the  pressure  at  which  30 
air  is  supplied  to  the  engine  varies.  In  for  example  an 
engine  having  a  turbo  charger,  because  of  the  operating 
characteristics  of  the  turbo  charger,  at  low  engine 
speeds  and  loads  the  maximum  amount  of  fuel  must  be 
reduced  as  compared  to  the  situation  at  higher  engine  35 
speeds  and  loads.  The  torque  control  mechanism  may 
incorporate  an  adjustable  orifice  which  is  connected  in 
series  with  the  throttle  valve  and  the  further  adjustable 
orifice  can  be  used  to  provide  the  required  final  setting 
of  the  pumping  apparatus.  In  the  case  of  an  electrically  40 
operated  metering  valve  the  provision  of  torque  control 
is  achieved  by  mapping  in  the  control  system,  the  cur- 
rent  in  the  throttle  valve  actuator  against  speed  and  oth- 
er  variables  such  as  air  inlet  pressure.  The  provision  of 
the  additional  orifice  enables  the  response  of  the  throttle  45 
valve  and  actuator  to  be  the  same  for  each  pumping  ap- 
paratus. 

Claims  so 

1.  Afuel  injection  pumping  apparatus  for  supplying  fu- 
el  to  an  internal  combustion  engine  comprising  a 
high  pressure  pump  (18,  19,  20)  operable  in  timed 
relationship  with  the  associated  engine  to  deliver  fu-  55 
el  to  the  engine  cylinders  in  turn,  a  low  pressure 
pump  (35)  for  supplying  fuel  to  the  high  pressure 
pump  during  the  filling  periods  thereof  and  flow  con- 

trol  means  including  an  adjustable  orifice  (30,  33, 
48)  for  varying  the  amount  of  fuel  which  is  supplied 
to  the  high  pressure  pump  (18,  19,  20)  said  flow 
control  means  further  including  means  (11,  44,  45) 
for  adjusting  said  adjustable  orifice  (30,  33,  48) 
characterised  by  a  further  adjustable  orifice  (49) 
connected  in  series  with  the  adjustable  orifice  (30, 
33,  48)  of  the  flow  control  means. 

2.  An  apparatus  according  to  Claim  1  ,  characterised 
in  that  said  flow  control  means  includes  a  centrifugal 
weight  mechanism  (11)  which  is  driven  at  a  speed 
proportional  to  the  speed  of  the  associated  engine, 
a  governor  spring  (44)  which  provides  a  force  acting 
in  opposition  to  the  force  exerted  by  the  weight 
mechanism  and  a  linkage  (43,  46)  coupling  the 
weight  mechanism  to  an  adjustable  throttle  member 
(32)  which  defines  part  of  the  first  mentioned  adjust- 
able  orifice  (30,  33). 

3.  An  apparatus  according  to  Claim  1  ,  characterised 
in  that  the  first  mentioned  adjustable  orifice  is  con- 
trolled  by  an  electromagnetic  actuator  the  supply  of 
current  to  which  is  controlled  by  an  electronic  gov- 
ernor. 
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