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(54)  Advance  arrangement  

(57)  An  advance  arrangement  for  use  in  adjusting 
the  angular  position  of  a  cam  arrangement  (18)  is  dis- 
closed  which  comprises  an  advance  piston  (40)  slidable 
within  a  bore,  and  spring  biased  towards  one  end  of  the 
bore.  Fuel  under  pressure  can  be  applied  to  the  piston 
(40)  to  move  the  piston  (40)  against  the  action  of  the 

spring.  The  piston  (40)  includes  an  opening  or  recess 
(40c)  into  which  a  peg  or  tooth  (38)  provided  on  the  cam 
arrangement  (18)  extends  to  transmit  movement  of  the 
piston  (40)  to  the  cam  arrangement  (18).  A  sleeve  (42) 
is  located  within  the  opening  or  recess  (40c)  to  reduce 
damage  to  the  piston  (40). 
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Description 

This  invention  relates  to  an  advance  arrangement 
for  use  in  adjusting  the  timing  of  fuel  delivery  by  a  fuel 
pump. 

A  known  fuel  pump  comprises  a  distributor  member 
which  is  rotatable  within  a  sleeve.  Part  of  the  distributor 
is  surrounded  by  a  cam  ring  the  inner  surface  of  which 
is  shaped  so  as  to  include  a  plurality  of  cam  lobes.  The 
distributor  member  is  provided  with  bores  within  which 
plungers  are  reciprocable  in  order  to  pressurize  fuel 
within  the  bores.  The  outer  end  of  each  plunger  carries 
a  shoe  and  roller,  the  roller  being  arranged  to  cooperate 
with  the  inner,  cam  surface  of  the  cam  ring  to  cause  re- 
ciprocating  motion  of  the  plungers. 

The  angular  position  of  the  cam  ring  is  adjustable 
in  order  to  adjust  the  timing  at  which  inward  movement 
of  the  plungers  commences,  and  hence  the  timing  of  fuel 
delivery.  The  cam  ring  is  adjustable  by  means  of  an  ad- 
vance  piston  slidable  within  a  bore  provided  in  a  hous- 
ing.  Fuel  is  applied  to  an  end  of  the  piston  to  move  the 
piston  against  the  action  of  a  spring.  The  piston  includes 
a  recess  within  which  a  peg  mounted  on  or  forming  an 
integral  part  of  the  cam  ring  engages.  It  will  be  appreci- 
ated,  therefore,  that  movement  of  the  piston  due  to  a 
change  in  the  fuel  pressure  applied  thereto  results  in  a 
change  in  the  angular  position  of  the  cam  ring. 

When  the  rollers  engage  the  cam  lobes,  a  large 
torque  is  applied  to  the  cam  ring,  thus  a  force  is  applied 
to  the  advance  piston  by  the  peg.  If  the  engagement  be- 
tween  the  peg  and  advance  piston  does  not  lie  on  the 
centre  line  of  the  advance  piston,  a  torque  is  applied  to 
the  advance  piston  resulting  in  increased  wear  between 
the  advance  piston  and  the  housing.  Such  wear  may  re- 
sult  in  increased  leakage  which,  in  turn,  may  result  in 
unacceptable  movement,  in  use,  and  require  a  large 
amount  of  fuel  to  be  supplied  to  the  advance  piston  be- 
tween  each  pumping  cycle  and  the  next  in  order  to  main- 
tain  the  correct  injection  timing. 

In  order  to  maintain  a  constant  clearance,  irrespec- 
tive  of  the  operating  temperature,  between  the  advance 
piston  and  its  bore,  it  is  convenient  to  use  the  same  ma- 
terial  for  the  advance  piston  and  the  housing.  The  hous- 
ing  is  commonly  constructed  of  relatively  soft  aluminium 
alloy,  thus  the  wear  resistance  of  the  housing  is  relative- 
ly  low.  If  the  advance  piston  is  also  constructed  of  alu- 
minium  alloy,  the  wear  resistance  of  the  advance  piston 
is  also  low,  thus  the  piston  is  susceptible  to  damage  by 
the  peg,  in  use. 

Another  type  of  fuel  pump  includes  a  rotatable 
plunger  having  a  cam  surface  provided  at  an  end  there- 
of,  and  a  plurality  of  rollers  mounted  within  a  cage  locat- 
ed  to  cooperate  with  the  cam  surface  so  that  rotation  of 
the  plunger  results  in  reciprocating  motion  thereof.  The 
cage  is  angularly  adjustable  by  an  advance  piston  as 
described  hereinbefore  to  adjust  the  timing  of  fuel  deliv- 
ery  by  the  pump. 

It  is  an  object  of  the  invention  to  provide  an  advance 

arrangement  in  which  these  disadvantages  are  re- 
duced. 

According  to  the  present  invention  there  is  provided 
an  advance  arrangement  for  an  angularly  adjustable 

5  cam  arrangement,  the  advance  arrangement  compris- 
ing  an  advance  piston  slidable  within  a  bore  and  biased 
towards  an  end  of  the  bore  by  resilient  means,  the  piston 
and  bore  defining  a  chamber  to  which  fuel  is  supplied, 
in  use,  to  urge  the  advance  piston  against  the  action  of 

10  the  resilient  means,  the  advance  piston  being  provided 
with  a  recess  within  which  a  peg  of  the  cam  arrangement 
is  cooperable,  wherein  a  sleeve  is  provided  within  the 
recess  the  peg  being  located  within  the  sleeve,  relative 
movement  of  the  sleeve  with  respect  to  the  advance  pis- 

15  ton  being  substantially  prevented. 
The  presence  of  the  sleeve  reduces  damage  to  the 

advance  piston  due  to  engagement  between  the  ad- 
vance  piston  and  the  peg,  the  sleeve  conveniently  being 
of  a  relatively  hard  material  so  that  damage  to  the  sleeve 

20  is  also  minimised. 
Conveniently,  the  sleeve  is  secured  against  move- 

ment  with  respect  to  the  advance  piston  by  means  of  a 
grub  screw. 

The  invention  will  further  be  described,  by  way  of 
25  example,  with  reference  to  the  accompanying  drawings, 

in  which:- 

Figure  1  is  a  view  of  a  fuel  pump  incorporating  an 
advance  arrangement  in  accordance  with  an  em- 

30  bodiment  of  the  invention; 

Figure  2  is  a  side  view  of  the  advance  arrangement; 

Figure  3  is  a  sectional  view  through  the  advance 
35  arrangement  (with  the  cam  ring  in  a  different  angu- 

lar  position); 

Figure  4  is  a  sectional  view  along  the  line  4-4  of  Fig- 
ure  3; 

40 
Figures  5a  and  5b  are  views  illustrating  assembly 
of  the  advance  arrangement; 

Figure  6  is  an  enlarged  view  of  part  of  Figure  1  ;  and 
45 

Figure  7  is  a  sectional  view  through  the  advance 
piston  of  the  advance  arrangement. 

The  fuel  pump  illustrated  in  Figure  1  comprises  a 
so  distributor  member  10  rotatable  within  a  sleeve  12.  The 

distributor  member  10  includes  a  plurality  of  through 
bores  within  which  pumping  plungers  14  are  slidable, 
the  outer  end  of  each  plunger  member  14  carrying  a 
shoe  and  roller  arrangement  1  6  the  roller  of  which  is  ar- 

55  ranged  to  cooperate  with  the  cam  surface  of  a  cam  ring 
18  which  as  illustrated  in  Figures  2  and  3  is  provided 
with  a  series  of  cam  lobes  18a.  The  through  bores  com- 
municate  through  an  axially  extending  passage  20  pro- 

2 
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vided  in  the  distributor  member  1  0  with  a  series  of  radi- 
ally  extending  inlet  passages  22,  and  also  with  a  radially 
extending  delivery  passage  24  which  is  axially  spaced 
from  the  inlet  passages  22. 

The  inlet  passages  22  are  positioned  so  as  to  be 
registerable  with  an  inlet  port  26  provided  in  the  sleeve 
12  which  is  supplied  with  fuel  through  a  suitable  meter- 
ing  arrangement  28  by  a  low  pressure  vane  pump  30 
which  is  mounted  upon  and  driven  by  an  end  of  the  dis- 
tributor  member  1  0.  A  valve  arrangement  32  is  connect- 
ed  between  the  inlet  30a  and  outlet  30b  of  the  vane 
pump  30  in  order  to  control  the  fuel  pressure  at  the  outlet 
30b.  The  delivery  passage  24  is  arranged  to  register,  in 
turn,  upon  rotation  of  the  distributor  member  10  with  a 
series  of  delivery  ports  34  provided  in  the  sleeve  12, 
each  delivery  port  34  communicating  with  a  respective 
injector  (not  shown)  of  an  associated  engine. 

The  distributor  member  10  is  keyed  to  a  drive  shaft 
36  which  is  driven  at  a  speed  associated  with  engine 
speed. 

The  cam  ring  18  includes  an  outwardly  extending 
peg  38  which  may  be  integral  with  the  cam  ring,  or  al- 
ternatively  may  be  a  separate  component  rigidly  se- 
cured  to  the  cam  ring  1  8.  The  peg  38  has  a  part-spher- 
ical  end  region  which  is  received  within  a  large  diameter 
drilling  or  recess  40c  provided  in  an  advance  piston  40. 
The  piston  40  is  slidable  within  a  bore  provided  in  a 
housing  and  is  arranged  such  that  axial  movement  of 
the  piston  causes  movement  of  the  peg  38  resulting  in 
angular  movement  of  the  cam  ring  1  8  with  respect  to  the 
sleeve  12. 

The  material  used  for  the  cam  ring  18  and  the  peg 
38  is  extremely  hard  in  order  to  withstand  the  forces  ap- 
plied  thereto.  The  part-spherical  end  region  of  the  peg 
makes  a  line  contact  with  the  cylindrical  wall  of  the  re- 
cess  40c  and  the  load  which  is  applied  through  this  line 
interface  in  use  is  sufficiently  high  as  to  risk  indentation 
or  other  damage  to  the  wall  of  the  recess  40c  in  the  ab- 
sence  of  protective  intervention.  In  order  to  minimise 
such  risk,  according  to  the  invention  a  hard  steel  sleeve 
42  is  received  within  the  recess  40c  of  the  advance  pis- 
ton  40,  the  sleeve  42  being  of  tubular  nature,  the  peg 
38  being  received  within  the  sleeve  42. 

The  length  of  the  peg  is  such  that  the  engagement 
between  the  peg  38  and  the  sleeve  42  lies  close  to  or 
on  the  centre  line  of  the  advance  piston  40  thus  when 
the  rollers  associated  with  the  plungers  14  engage  the 
cam  lobes  18a,  the  resulting  torque  applied  to  the  cam 
ring  18  results  in  the  peg  38  applying  a  force  to  the  ad- 
vance  piston  40  substantially  along  the  centre  line  of  the 
advance  piston  40  thus  any  torque  applied  to  the  ad- 
vance  piston  40  is  relatively  small. 

As  illustrated  in  Figures  4  and  5,  the  advance  piston 
40  is  of  generally  cylindrical  nature,  and  includes  a  cy- 
lindrical  recess  40a  at  an  end  thereof  arranged  to  re- 
ceive  a  helical  spring  (not  shown)  to  bias  the  advance 
piston  40  towards  an  end  of  the  bore  within  which  the 
advance  piston  40  is  received,  in  use.  The  other  end  of 

the  advance  piston  40  is  provided  with  a  recess  40b 
which,  together  with  an  end  part  of  the  bore,  defines  a 
pressure  chamber  which  is  arranged  to  be  supplied  with 
fuel  by  the  vane  pump  30.  In  the  embodiment  illustrated 

5  in  Figure  1  ,  the  vane  pump  30  and  valve  32  operate  in 
such  a  manner  that  the  pressure  at  the  outlet  30b  of  the 
vane  pump  30  is  related  to  the  engine  speed.  The  pres- 
sure  applied  to  the  pressure  chamber  of  the  advance 
piston  40  is  therefore  associated  with  engine  speed,  and 

10  the  axial  position  of  the  advance  piston  40  and  hence 
angular  position  of  the  cam  ring  18  are  also  related  to 
engine  speed. 

The  upper  surface  of  the  advance  piston  40  adja- 
cent  the  recess  40c  is  cut  away,  and  it  will  be  appreci- 

15  ated  that  such  shaping  of  the  advance  piston  40  enables 
the  cam  ring  18  to  move  through  a  greater  range  of  an- 
gular  positions  than  would  otherwise  possible.  The  ad- 
vance  piston  40  is  further  provided  with  a  horizontally 
extending  milled  slot  40d  which  opens  into  the  recess 

20  40c,  the  width  of  the  slot  40d  being  slightly  smaller  than 
the  diameter  of  the  recess  40c. 

As  illustrated  in  Figures  5a  and  5b,  the  sleeve  42  is 
of  tubular  form,  the  outer  surface  of  the  sleeve  42  being 
provided  with  a  pair  of  diametrically  opposed  flat  surfac- 

es  es  42a,  and  the  width  of  the  slot  40d  is  such  that  when 
the  flats  42a  are  presented  to  the  sides  of  the  slot  40d 
the  sleeve  42  can  be  slid  through  the  slot  until  the  sleeve 
42  lies  completely  within  the  recess  40c.  Once  in  this 
position,  the  sleeve  42  can  be  rotated  about  its  axis  until 

30  it  lies  in  the  position  illustrated  in  Figure  5a.  It  will  be 
appreciated  that  in  this  position,  the  sleeve  42  cannot 
return  along  the  slot  40d  without  first  being  rotated  to 
the  position  in  which  the  flats  42a  lie  adjacent  the  sides 
of  the  slot  40d. 

35  As  shown  in  Figures  3  and  4,  a  drilling  is  provided 
in  the  advance  piston  40  extending  from  the  recess  40a 
to  the  recess  40c.  This  drilling  receives  a  grub  screw  44. 
The  sleeve  42  is  provided  with  a  pair  of  indentations  46 
which,  as  shown  in  Figure  3,  are  located  such  that  when 

40  the  sleeve  42  is  correctly  positioned  within  the  advance 
piston  40,  one  of  the  indentations  46  aligns  with  the  drill- 
ing  so  that  tightening  of  the  grub  screw  44  results  in  the 
end  of  the  grub  screw  44  being  received  within  that  in- 
dentation  46  to  securely  mount  the  sleeve  within  the  re- 

45  cess  40c.  It  will  be  appreciated  that  by  providing  two  in- 
dentations  46  in  the  sleeve  42,  assembly  of  the  advance 
arrangement  is  simplified  as  it  does  not  matter  which 
way  up  the  sleeve  42  is  when  it  is  introduced  into  the 
recess  40c. 

so  It  is  envisaged  that  the  housing  within  which  the  ad- 
vance  piston  40  is  located  and  the  advance  piston  itself 
may  be  constructed  of  aluminium  alloy.  In  order  to  im- 
prove  the  wear  resistance  of  the  advance  piston  40  and 
housing,  the  advance  piston  may  be  hard  anodised  and 

55  a  hard  chrome  plating  may  be  provided  on  the  surface 
of  the  bore  within  which  the  advance  piston  40  is  slida- 
ble.  It  will  be  appreciated  that  if  both  the  advance  piston 
40  and  the  housing  are  constructed  of  aluminum  alloy, 

3 
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thermal  expansion  of  the  advance  piston  40  and  hous- 
ing  will  occur  at  the  same  rate.  Thus  in  use  the  clearance 
between  the  advance  piston  40  and  its  housing  will  re- 
main  constant.  As  described  hereinbefore,  the  peg  38 
is  located  so  as  to  engage  the  sleeve  42  in  a  position 
lying  substantially  on  the  centre  line  of  the  advance  pis- 
ton  40  thus  minimising  tilting  of  the  advance  piston  40, 
in  use.  In  use,  when  the  cam  ring  18  moves  under  the 
influence  of  the  advance  piston  40,  the  position  of  the 
engagement  between  the  peg  38  and  the  sleeve  42 
changes  thus  it  is  not  possible  to  have  the  peg  38  lying 
on  the  advance  piston  centre  line  throughout  the  range 
of  movements  of  the  cam  ring  1  8.  The  length  of  the  peg 
38  is  chosen  so  as  to  minimise  the  offset  of  the  engage- 
ment  from  the  advance  piston  centreline  throughout  the 
range  of  angular  movement  of  the  cam  ring  18. 

In  use  of  the  pump,  in  the  position  shown,  fuel  is 
supplied  through  the  inlet  port  26  and  one  of  the  inlet 
passages  22  to  the  through  bores  thus  pushing  the 
plungers  14  radially  outwards.  Rotation  of  the  distributor 
member  1  0  results  in  the  inlet  passages  22  being  moved 
to  a  position  in  which  registration  with  the  inlet  port  26 
is  broken,  and  subsequently  the  delivery  passage  24 
registers  with  one  of  the  delivery  ports  34.  Shortly  after 
such  registration,  the  rollers  engage  the  leading  flanks 
of  respective  cam  lobes  1  8a  causing  the  plungers  1  4  to 
be  pushed  radially  inwards  pressurizing  the  fuel  in  the 
through  bores  and  resulting  in  fuel  being  delivered  to  the 
delivery  passage  34  aligned  with  the  delivery  port  24. 
Inward  movement  of  the  plungers  14  continues  until  the 
rollers  ride  over  the  crests  of  the  cam  lobes  18a,  after 
which  the  pressure  within  the  through  bores  falls.  Con- 
tinued  rotation  of  the  distributor  member  10  results  in 
the  communication  between  the  delivery  passage  24 
and  the  selected  delivery  port  34  being  broken,  and  sub- 
sequently  in  another  of  the  inlet  passages  22  registering 
with  the  inlet  port  26.  Such  registration  results  in  fuel 
being  supplied  to  the  through  bores  pushing  the  plung- 
ers  14  outwardly  as  described  hereinbefore.  The  quan- 
tity  of  fuel  supplied  to  the  through  bores  is  controlled  by 
the  metering  arrangement  28. 

As  the  cam  ring  18  is  angularly  adjustable,  and  its 
position  is  dependent  upon  the  speed  of  rotation  of  the 
engine,  if  the  engine  speed  increases,  an  increased  fuel 
pressure  is  applied  to  the  pressure  chamber  at  an  end 
of  the  advance  piston  thus  the  advance  piston  40  moves 
against  the  action  of  the  spring  to  move  the  cam  ring  1  8 
in  a  clockwise  direction  in  the  orientation  illustrated  in 
Figure  3,  the  distributor  member  10  rotating  in  an  anti- 
clockwise  direction  in  this  orientation.  The  movement  of 
the  advance  piston  40  therefore  advances  the  timing  of 
injection.  At  slower  engine  speeds,  the  reverse  hap- 
pens,  the  advance  piston  40  returning  under  the  action 
of  the  spring  to  retard  the  timing  of  fuel  injection. 

Although  the  embodiment  described  hereinbefore 
is  of  a  fuel  pump  in  which  the  quantity  of  fuel  supplied 
is  determined  by  a  metering  valve  28,  it  will  be  appreci- 
ated  that  the  advance  arrangement  of  the  invention  is 

equally  suitable  to  a  fuel  pump  in  which  the  quantity  of 
fuel  delivered  is  controlled  using  a  spill  valve  arrange- 
ment.  Further,  although  the  description  hereinbefore  is 
of  a  pump  in  which  the  pressure  of  fuel  applied  to  the 

5  advance  piston  40  is  dependent  upon  the  speed  of  ro- 
tation  of  the  engine,  the  invention  is  also  applicable  to 
a  fuel  pump  in  which  the  pressure  of  fuel  applied  to  the 
advance  piston  40  is  controlled  by  an  advance  actuator 
valve,  for  example  in  the  form  of  an  electromagnetically 

10  operated  valve,  thus  the  timing  of  injection  may  be  con- 
trolled  electronically. 

During  assembly  of  the  pump,  it  is  envisaged  that 
the  sleeve  42  be  carried  by  the  peg  38  for  example  using 
a  blob  of  grease  or  the  like  to  hold  the  sleeve  42  on  the 

is  peg  38,  the  sleeve  42  being  oriented  so  that  the  flats 
42a  extend  parallel  to  the  axis  of  the  cam  ring.  The  cam 
ring  1  8  is  then  inserted  into  the  housing  using  a  tilt  and 
slide  technique,  movement  of  the  cam  ring  18continuing 
until  the  sleeve  42  lies  in  the  position  shown  in  Figure 

20  5b  with  respect  to  the  advance  piston  40.  Final  position- 
ing  of  the  cam  ring  18  can  then  take  place,  and  subse- 
quently  the  sleeve  42  is  rotated  about  its  axis  until  the 
position  shown  in  Figure  5a  is  achieved.  Once  in  this 
position,  the  grub  screw  44  is  tightened  to  secure  the 

25  sleeve  42  to  the  advance  piston  40.  As  the  grub  screw 
44  is  located  on  the  side  of  the  advance  piston  which  is 
at  relatively  low  pressure,  the  majority  of  the  forces  act 
away  from  the  grub  screw  44,  thus  the  grub  screw  44  is 
not  subject  to  high  loads. 

30  Since  the  main  forces  applied  to  the  advance  piston 
are  applied  in  the  axial  direction,  it  is  thought  that  the 
reduced  bending  strength  of  the  piston  due  to  the  pro- 
vision  of  the  slot  40d  will  not  result  in  the  advance  piston 
40  being  significantly  weaker,  or  having  a  shorter  work- 

35  ing  life  than  in  conventional  arrangements. 
The  provision  of  the  sleeve  42  reduces  the  risk  of 

damage  to  the  advance  piston  40  due  to  the  engage- 
ment  thereof  with  the  peg  38,  permitting  the  use  of  the 
same,  relatively  soft,  material  for  both  the  advance  pis- 

40  ton  and  its  housing,  thus  the  disadvantages  associated 
with  the  prior  art  arrangements  are  reduced. 

Claims 
45 

1.  An  advance  arrangement  for  an  angularly  adjusta- 
ble  cam  arrangement,  the  advance  arrangement 
comprising  an  advance  piston  (40)  slidable  within  a 
bore  and  biased  towards  an  end  of  the  bore  by  re- 

50  silient  means,  the  piston  (40)  and  bore  defining  a 
chamber  to  which  fuel  is  supplied,  in  use,  to  urge 
the  advance  piston  against  the  action  of  the  resilient 
means,  the  advance  piston  (40)  being  provided  with 
a  recess  (40c)  within  which  a  peg  (38)  of  the  cam 

55  arrangement  is  cooperable,  wherein  a  sleeve  (42) 
is  provided  within  the  recess  (40c),  the  peg  (38)  be- 
ing  located  within  the  sleeve  (42),  relative  move- 
ment  of  the  sleeve  (42)  with  respect  to  the  advance 

4 
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piston  (40)  being  substantially  prevented. 

2.  An  arrangement  as  claimed  in  Claim  1  ,  further  com- 
prising  a  grub  screw  (44)  in  screw-threaded  en- 
gagement  with  the  piston  (40),  the  grub  screw  (44)  s 
engaging  the  sleeve  (42)  to  secure  the  sleeve  (42) 
in  position  relative  to  the  piston  (40). 

3.  An  arrangement  as  claimed  in  Claim  1  or  Claim  2, 
wherein  the  piston  (40)  is  provided  with  a  slot  (40d)  10 
through  which  the  sleeve  (42)  is  passed,  during  as- 
sembly. 

4.  An  arrangement  as  claimed  in  Claim  3,  wherein  the 
slot  (40d)  is  of  width  smaller  than  the  diameter  of  15 
the  sleeve  (42),  the  sleeve  (42)  being  provided  with 
at  least  one  flattened  region  (42a)  permitting  the 
sleeve  (42)  to  be  received  within  the  slot  (40d). 

5.  An  arrangement  as  claimed  in  any  one  of  the  pre-  20 
ceding  claims,  wherein  the  sleeve  (42)  is  formed 
from  a  relatively  hard  material. 
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