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©  Control  system  for  the  injection  pressure  of  a  fuel  injector  for  a  diesel  cycle  engine. 
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©  The  injector  comprises  an  injection  piston  mov- 
ing  at  a  speed  which  increases  proportionally  to  the 
speed  of  rotation  of  the  engine  and  is  adapted  to 
inject  the  fuel  via  an  injection  hole  controlled  by  a 
shutter  member  which  enables  injection  of  the  fuel 
when  this  member  reaches  a  predetermined  opening 
pressure;  on  the  basis  of  this  system,  during  each 

injection  cycle  the  injection  piston  is  caused  to  ad- 
vance  over  a  first  portion  of  its  forward  stroke  at  a 
speed  which  increases  proportionally  to  this  stroke, 
over  a  second  portion  of  its  stroke  at  a  constant 
speed  and  over  a  third  portion  of  its  stroke  at  a 
speed  which  again  increases  proportionally  to  this 
stroke. 
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The  present  invention  relates  to  a  control  sys- 
tem  for  the  injection  pressure  of  an  electromagneti- 
cally  actuated  fuel  injector  for  a  diesel  cycle  en- 
gine,  by  means  of  which  it  is  possible  to  obtain 
relatively  high  maximum  injection  pressures  even 
at  low  speeds  of  rotation  of  the  engine  and  fuel 
flow  rates  which  increase  gradually  during  each 
injection  cycle. 

In  a  fuel  injection  system  for  a  diesel  cycle 
engine  use  is  normally  made  of  injectors,  each  of 
which  comprises  an  injection  piston,  moving  at  a 
speed  which  normally  increases  proportionally  to 
the  speed  of  rotation  of  the  engine  and  which  is 
adapted  to  inject  the  fuel  via  an  injection  hole 
controlled  by  an  electromagnetically  actuated  shut- 
ter  member;  this  shutter  member  is  adapted  to 
open  this  injection  hole  when  the  piston  has  per- 
formed  a  predetermined  stroke. 

The  injection  piston  of  each  injector  is  normally 
controlled  by  a  cam  carried  by  a  camshaft  actuated 
by  the  engine.  The  profile  of  this  cam  is  normally 
selected  in  order  to  control  the  piston  so  that  it 
moves,  during  its  entire  forward  stroke,  at  a  speed 
which  increases  proportionally  to  the  angle  of  rota- 
tion  of  this  cam  and  in  order  to  control  the  piston 
so  that  it  moves,  during  its  return  stroke,  at  a 
speed  which  decreases  proportionally  to  the  angle 
of  rotation  of  the  cam.  In  a  system  of  this  type, 
therefore,  the  diagram  representing  the  develop- 
ment  of  the  speed  of  the  injection  piston  as  a 
function  of  the  angle  of  rotation  of  the  cam,  in  each 
injection  cycle,  is  formed  by  a  continuous  curve 
with  two  rectilinear  sides,  one  of  whose  values 
increase  and  the  other  of  whose  values  decrease  in 
a  linear  manner  as  the  angle  of  rotation  of  the  cam 
increases. 

With  injection  pressure  control  systems  of  the 
above-mentioned  type,  the  fuel  pressure  within  the 
injector  increases,  during  the  forward  stroke  of  the 
injection  piston,  until  it  reaches  the  maximum  val- 
ue;  thereafter,  the  pressure  decreases,  during  the 
return  stroke  of  the  piston,  until  it  is  cancelled  out. 
The  value  of  this  maximum  pressure  is  more  or 
less  directly  proportional  to  the  value  of  the  maxi- 
mum  speed  of  the  piston  and  inversely  proportional 
to  the  cross-section  of  the  injection  hole. 

Injection  pressure  control  systems  as  de- 
scribed  above  have  certain  drawbacks. 

In  the  first  instance,  the  ratio  between  the  maxi- 
mum  fuel  pressures  obtained  during  injection  cy- 
cles  corresponding  to  two  different  speeds  of  rota- 
tion  of  the  engine  is  rather  high;  when  these  two 
speeds  are,  for  instance,  equivalent  to  2000  and 
1000  revolutions  per  minute  respectively,  this  ratio 
is  approximately  2. 

Moreover,  the  fuel  is  injected  in  a  rather  abrupt 
manner,  since  the  rates  of  flow  of  the  fuel  injected 
by  unit  of  angular  rotation  are  rather  high,  with  the 

result  that  there  is  unsatisfactory  mixing  and  com- 
bustion  of  the  fuel,  and  likely  to  cause  very  high 
pressures  in  the  combustion  chamber  and  to  form 
non-combusted  material. 

5  The  object  of  the  present  invention  is  to  pro- 
vide  a  control  system  for  the  injection  pressure  of  a 
fuel  injector  for  a  diesel  cycle  engine  which  reme- 
dies  the  drawbacks  described  above. 

This  object  is  achieved  by  a  control  system  for 
io  the  injection  pressure  of  an  electromagnetically  ac- 

tuated  fuel  injector  for  a  diesel  cycle  engine,  this 
injector  comprising  an  injection  piston  moving  at  a 
speed  which  increases  proportionally  to  the  speed 
of  rotation  of  the  engine  and  being  provided  with  a 

75  moving  shutter  member  adapted  to  open  an  injec- 
tion  hole  in  order  to  inject  the  fuel  when  the  piston 
has  performed  a  predetermined  stroke,  character- 
ized  in  that,  during  each  injection  cycle,  the  injec- 
tion  piston  is  caused  to  advance  over  a  first  portion 

20  of  its  forward  stroke  at  a  speed  which  increases 
proportionally  to  this  stroke,  over  a  second  portion 
of  its  stroke  at  a  constant  speed  and  over  a  third 
portion  of  its  stroke  at  a  speed  which  again  in- 
creases  proportionally  to  the  stroke  and  in  that, 

25  during  each  injection  cycle  and  for  a  first  predeter- 
mined  speed  of  rotation  of  the  engine,  this  pre- 
determined  stroke  of  the  piston  at  which  injection 
of  the  fuel  commences  is  selected  along  the  first 
portion  of  the  forward  stroke  of  the  piston  and  in 

30  that,  for  a  second  speed  of  rotation  of  the  engine 
lower  than  the  first  predetermined  speed,  the  pre- 
determined  stroke  of  the  piston  at  which  injection 
of  the  fuel  commences  is  selected  along  the  sec- 
ond  portion  of  the  forward  stroke  of  the  piston. 

35  The  control  system  of  the  invention  is  set  out 
in  further  detail  in  the  following  description  made 
with  reference  to  the  accompanying  drawings,  in 
which; 

Fig.  1  is  a  vertical  section  through  the  head  of  a 
40  diesel  cycle  engine  showing  the  fuel  injector  and 

the  associated  actuation  device; 
Figs.  2  and  3  show,  as  a  function  of  the  angle  of 
rotation  of  the  cam  actuating  the  injector,  the 
development  of  the  speed  of  advance  of  the 

45  injector  piston  and  the  injection  pressure  ob- 
tained  thereby,  in  a  traditional  injection  system 
and  an  injection  system  of  the  invention  respec- 
tively; 
Figs.  4  and  5  show,  as  a  function  of  the  angle  of 

50  rotation  of  the  above-mentioned  cam,  the  devel- 
opment  of  the  speed  of  advance  of  the  piston 
and  the  rate  of  flow  per  unit  of  angular  rotation 
of  the  cam,  in  a  traditional  injection  system  and 
an  injection  system  of  the  invention  respectively. 

55  The  injection  pressure  control  system  of  the 
invention  may  be  embodied  in  a  diesel  cycle  en- 
gine  of  the  type  shown  in  Fig.  1,  which  substan- 
tially  comprises  an  injector,  shown  overall  by  1,  of 
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a  conventional  electromagnetically  actuated  type, 
in  whose  housing  an  injection  piston  (not  shown) 
moves;  this  injector  is  adapted  to  inject  fuel  via  an 
injection  hole  2  provided  on  the  head  3  of  the 
engine;  the  injection  hole  2  is  controlled  by  a 
moving  shutter  member  (not  shown)  which  opens 
the  injection  hole  when  the  shutter  member  is 
displaced  by  the  action  of  an  electromagnet  under 
the  effect  of  an  excitation  command. 

The  injector  1  is  actuated  by  a  rocker  arm  4 
oscillating  about  a  shaft  5  and  is  provided  with  a 
pair  of  arms  6  and  7,  the  first  of  which  is  able  to 
exert,  via  appropriate  transmission  members,  pre- 
determined  forces  on  the  piston  of  the  injector  1  in 
order  to  pressurize  the  fuel  contained  therein;  the 
other  arm  7  of  the  rocker  arm  4  is  provided  with  a 
roller  8  adapted  to  bear  on  the  profile  9  of  a  cam 
10  borne  by  a  camshaft  11  actuated  by  the  engine. 

The  injector  1  is  secured  to  the  head  3  by 
appropriate  connection  members,  some  of  which 
are  shown  in  Fig.  1  . 

In  control  systems  for  the  injection  pressure  of 
the  injector  1  of  a  known  type,  during  each  injec- 
tion  cycle,  the  injection  piston  with  which  the  injec- 
tor  1  is  provided  is  caused  to  advance  (by  appro- 
priate  selection  of  the  profile  9  of  the  cam  10) 
during  its  entire  forward  stroke  at  a  speed  which 
increases  proportionally  to  this  stroke  and,  there- 
fore,  at  a  speed  which  increases  proportionally  to 
the  angle  of  rotation  of  the  cam  10;  moreover, 
during  the  return  stroke  of  this  piston,  the  speed  of 
return  of  the  piston  is  caused  to  decrease  substan- 
tially  proportionally  to  the  stroke  and,  therefore, 
proportionally  to  the  angle  of  rotation  of  the  cam 
10.  Fig.  2  shows  the  development  of  the  speed  of 
the  injection  piston  during  its  forward  stroke  (shown 
by  the  line  t)  and  during  its  return  stroke  (shown  by 
the  line  t')  as  a  function  of  the  angle  of  rotation  of 
the  cam  10).  It  will  be  appreciated  from  this  Figure 
that  the  development  of  the  speed,  as  a  function  of 
the  angle  of  rotation  of  the  cam,  may  be  approxi- 
mately  shown  by  a  triangular  diagram  having  pre- 
determined  sides  t  and  t'. 

In  the  case  of  the  injection  pressure  control 
system  of  the  invention,  during  each  injection  cycle 
the  injection  piston  is  caused  to  advance  over  a 
first  portion  of  its  forward  stroke  at  a  speed  which 
increases  proportionally  to  this  stroke,  over  a  sec- 
ond  portion  of  its  stroke  at  a  speed  which  is  con- 
stant  and  over  a  third  portion  of  this  stroke  at  a 
speed  which  again  increases  proportionally  to  the 
stroke. 

When  the  movement  of  the  injection  piston  is 
controlled  by  a  cam  10  borne  by  a  camshaft  11 
actuated  by  the  engine,  as  shown  in  the  embodi- 
ment  of  the  invention,  the  profile  9  of  the  cam  10  is 
selected  to  control  the  injection  piston  so  that  it 
moves,  during  each  injection  cycle,  over  a  first 

portion  of  its  forward  stroke  at  a  speed  which 
increases  proportionally  to  the  angle  of  rotation  of 
the  cam,  over  a  second  portion  of  its  stroke  at  a 
speed  which  is  constant  as  this  angle  increases 

5  and  over  a  third  portion  of  its  stroke  at  a  speed 
which  again  increases  proportionally  to  the  angle  of 
rotation  of  the  cam.  In  Fig.  3,  the  lines  ti  ,  t2  and  t3 
represent  the  development  of  the  speed  of  the 
injection  piston  as  a  function  of  the  angle  of  rota- 

io  tion  of  the  cam  in  the  three  forward  stroke  portions 
as  defined  above:  it  can  be  seen  that  while  the 
initial  and  final  portions  (lines  ti  and  t3)  of  the 
piston  stroke  are  travelled  at  speeds  which  in- 
crease  in  a  linear  manner,  the  intermediate  stroke 

is  portion  (line  t2)  is  travelled  at  a  constant  speed. 
The  system  of  the  invention  further  comprises 

appropriate  actuation  means  able  to  control  the 
movement  of  the  shutter  member  of  the  injector  in 
order  to  open  the  injection  hole  2  at  any  point 

20  during  the  forward  stroke  of  the  injector  piston  and, 
therefore,  after  this  piston  has  performed  a  pre- 
determined  stroke. 

In  accordance  with  the  invention,  during  each 
injection  cycle  and  for  a  first  predetermined  speed 

25  of  rotation  of  the  engine  ni  ,  the  predetermined 
stroke  of  the  piston  at  which  the  opening  of  the 
shutter  member  of  the  injector  is  controlled  and 
fuel  injection  consequently  begins,  is  selected 
along  the  first  portion  of  the  forward  stroke  of  the 

30  piston  and  therefore  at  a  point  of  the  peak  ti  shown 
by  A  in  Fig.  3;  moreover,  during  each  injection 
cycle  and  for  a  predetermined  second  speed  of 
rotation  of  the  engine  r\2  lower  than  the  first  speed 
ni  ,  the  above-mentioned  predetermined  stroke  of 

35  the  piston,  at  which  opening  of  the  shutter  member 
of  the  injector  is  controlled  and  fuel  injection  con- 
sequently  commences,  is  selected  along  the  sec- 
ond  portion  of  the  forward  stroke  of  the  piston  and 
therefore  at  a  point  of  the  line  shown  by  B  in  Fig. 

40  3. 
The  second  predetermined  speed  r\2  is  ad- 

vantageously  between  30  and  70%  of  the  first 
predetermined  speed  ni  ;  these  speeds  may,  for 
instance,  be  equal  to  2000  and  1000  revolutions 

45  per  minute  respectively. 
Moreover,  the  angle  of  rotation  of  the  cam  9 

during  the  second  portion  of  the  forward  stroke  of 
the  injection  piston,  shown  by  the  line  fc,  is  be- 
tween  15%  and  25%  of  the  angle  of  rotation  of  the 

50  cam  which  is  needed  to  perform  the  entire  forward 
stroke  of  the  piston  (represented  by  the  sum  of  the 
lines  ti  ,  and  t3). 

In  order  to  understand  the  operating  methods 
which  may  be  achieved  with  the  pressure  control 

55  system  of  the  invention  as  described  above,  it  is 
appropriate  in  the  first  instance  to  examine  the 
results  which  can  be  obtained  with  conventional 
control  systems  in  which  a  forward  stroke  of  the 

3 
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injection  piston  of  the  injector  1  takes  place  propor- 
tionally  to  the  angle  of  rotation  of  the  cam  shown 
by  the  rectilinear  line  t  of  Fig.  2. 

It  is  supposed  that  two  different  injection  cycles 
are  carried  out,  each  of  which  is  obtained  for  one 
of  the  two  predetermined  speeds  as  defined  above 
ni  ,  r\2,  equivalent  for  instance  to  2000  and  1000 
revolutions  per  minute;  during  the  rotation  of  the 
cam  10  the  forward  stroke  of  the  injector  piston  is 
controlled  at  a  speed  which  increases  as  the  angle 
of  rotation  of  the  cam  increases  with  the  develop- 
ment  provided  by  the  peak  t  and  until  the  maxi- 
mum  value  Vmax  is  achieved;  as  rotation  of  the  cam 
continues,  the  speed  V  decreases  according  to  the 
development  of  the  peak  t'. 

As  a  result,  the  fuel  pressure  increases  as  the 
stroke  of  the  piston  increases  in  each  of  the  two 
cycles  with  a  development  which  is  shown  by  the 
curves  pi  and  p2  of  Fig.  2.  In  these  diagrams  it  is 
supposed  that  the  opening  of  the  injector,  and 
therefore  the  commencement  of  injection,  is  con- 
trolled  on  achievement  of  the  pressure  p0,  to  which 
the  points  A  and  B  of  the  curve  t  correspond. 

An  examination  of  these  curves  shows  that  the 
fuel  injection  takes  place  at  pressures  which  in- 
crease  rather  abruptly  as  the  angle  of  rotation  of 
the  cam  increases  and  that  the  value  of  the  maxi- 
mum  pressure  achieved  in  both  cases  is  very  dif- 
ferent:  in  the  case  of  the  example  examined,  the 
ratio  between  the  two  maximum  pressures  is  ap- 
proximately  2.  This  means  that  when  the  maximum 
pressure  corresponding  to  the  first  reference  speed 
ni  has  been  selected  in  order  achieve  the  maxi- 
mum  value  compatible  with  the  injection  system, 
the  maximum  pressure  which  may  be  obtained  with 
the  second  speed  n2  may  be  too  small  efficiently 
to  atomize  the  fuel;  moreover,  the  overly  abrupt 
increase  of  the  pressure  during  the  injection  stage 
may  have  an  adverse  effect  on  the  mixing  and 
combustion  of  the  fuel. 

The  following  operating  methods  are  achieved 
with  the  system  of  the  invention  as  described 
above  and  can  be  seen  from  the  diagrams  of  Fig. 
3. 

It  is  again  supposed  that  two  different  injection 
cycles  are  carried  out,  the  first  of  which  is  obtained 
for  one  of  the  two  predetermined  speeds  of  rotation 
of  the  engine  defined  above  (2000  revolutions  per 
minute)  and  the  second  for  the  second  of  these 
speeds  (1000  revolutions  per  minute). 

In  order  correctly  to  compare  the  results  shown 
in  Fig.  2,  it  is  also  supposed  that  the  diagram  of 
the  speed  of  advance  of  the  piston  as  a  function  of 
the  angle  of  rotation  of  the  cam  10  includes  sec- 
tions  ti  and  t3  (Fig.  3)  having  the  same  gradient  as 
the  line  t  of  Fig.  2,  that  the  lines  t'  of  Figs.  1  and  3 
have  the  same  gradient  and  lastly  that  the  active 
angle  of  rotation  of  the  cam  10  is  the  same  in  both 

cases  (60°).  This  means  that  as  a  result  of  the 
presence  of  the  horizontal  section  t2  of  constant 
speed,  the  maximum  speed  of  the  piston  (Vmax)  is, 
in  the  case  of  the  invention,  lower  than  the  cor- 

5  responding  maximum  speed  obtained  with  the  con- 
ventional  control  system  of  Fig.  2. 

In  each  of  the  two  cycles  defined  above  the 
fuel  injection  pressure  increases  with  the  develop- 
ment  shown  by  the  curves  pi  and  P2;  if  it  is 

io  supposed  that  injection  commences  in  each  of  the 
two  cycles  when  the  pressure  p0  is  reached,  in  the 
case  of  the  first  cycle  the  point  A  corresponds  to 
this  pressure  on  the  curve  ti  and  in  the  case  of  the 
second  cycle  the  point  B  corresponds  to  the  same 

is  pressure  on  the  curve  t2.  The  development  of  the 
injection  pressure  pi  in  the  first  cycle  is  therefore 
particularly  influenced  by  the  presence  of  the  por- 
tion  of  the  stroke  with  a  constant  speed  shown  by 
the  section  t2  of  the  curve,  while  the  development 

20  of  the  injection  pressure  p2  in  the  second  cycle  is 
only  partially  influenced  by  this  section,  starting 
injection  at  the  point  B  located  at  the  end  of  the 
section  t2  . 

As  a  result  of  this  it  has  been  observed  that 
25  with  the  system  of  the  invention  the  maximum 

pressures  measured  on  the  curves  pi  and  p2  which 
are  achieved  with  the  two  different  reference 
speeds  do  not  differ  to  a  marked  extent  and  differ 
much  less  than  in  the  case  of  the  conventional 

30  pressure  control  system  described  above;  in  par- 
ticular,  under  the  same  operating  conditions  used 
to  obtain  the  results  of  Fig.  2,  the  ratio  between 
these  maximum  pressures  is  reduced  to  1  .6  -  1  .7. 

A  comparison  of  the  development  of  the  rising 
35  sections  of  the  curves  pi  and  p2  of  Fig.  3  and 

those  of  Fig.  2  also  shows  that  the  pressure  in- 
creases  less  abruptly  in  both  cases. 

Moreover,  at  the  same  maximum  injection 
pressure  achieved  with  the  reference  speed  ni  ,  the 

40  system  of  the  invention  makes  it  possible  to 
achieve  this  pressure  with  a  cross-section  of  the 
injection  hole  of  the  injector  which  is  smaller  than 
that  needed  with  the  conventional  system.  This 
result  can  be  seen  from  a  comparison  of  the 

45  curves  of  Figs.  2  and  3  in  which  the  maximum 
value  of  the  pressures  pi  is  the  same  (and  may 
correspond  to  that  compatible  with  the  mechanical 
strength  of  some  components  of  the  systems):  in 
order  to  achieve  this  result,  the  system  of  the 

50  invention  uses  an  injector  whose  injection  hole  has 
smaller  dimensions  that  those  of  the  injector  used 
in  the  conventional  system.  This  result  can  be 
explained  by  taking  account  of  the  fact  that  the 
injection  pressure  is  directly  proportional  to  the 

55  maximum  speed  (Vmax)  of  advance  of  the  piston 
and  inversely  proportional  to  the  cross-section  of 
the  injection  hole  and  that  Vmax  is  smaller  in  the 
case  of  the  system  of  the  invention  as  has  already 

4 
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been  pointed  out  above. 
It  has  also  been  observed  that,  under  the  same 

operating  conditions,  in  the  case  of  the  system  of 
the  invention  the  stroke  of  the  piston  during  which 
fuel  injection  takes  place  is  higher  than  that  ob- 
tained  with  the  conventional  system;  this  can  be 
seen  from  a  comparison  of  the  angles  of  rotation  of 
the  cam  10  shown  by  the  curves  pi  and  p2  of  Figs. 
2  and  3.  It  follows  from  this  that  the  injection  of  the 
fuel  is  more  gradual  with  the  system  of  the  inven- 
tion. 

This  can  also  be  seen  from  Figs.  4  and  5 
which  show  the  developments  of  the  rates  of  flow 
per  unit  of  angular  rotation  of  the  cam  10  as  a 
function  of  the  angle  of  rotation  of  this  cam,  re- 
spectively  in  the  case  of  the  conventional  pressure 
control  system  and  that  of  the  invention  (Fig.  5). 
The  curves  shown  by  qi  and  q2  in  these  Figures 
show  the  rates  of  flow  of  fuel  injected  obtained 
respectively  at  the  two  above-mentioned  reference 
speeds  ni  and  n2.  A  comparison  of  the  diagrams  of 
these  Figures  shows  that  with  the  control  system  of 
the  invention  the  rate  of  introduction  of  the  fuel  into 
the  cylinders  is  much  more  gradual  with  the  advan- 
tage  that  more  regular  and  more  complete  com- 
bustion  of  the  fuel  is  obtained. 

It  is  evident  that  modifications  and  variants 
may  be  made  to  the  injection  pressure  control 
system  of  the  invention  without  departing  from  the 
scope  of  the  invention.  In  particular,  the  movement 
of  the  injection  cylinder  of  the  injector  1  may  be 
obtained  using  a  kinematic  mechanism  differing 
from  that  shown,  comprising  the  rocker  arm  4  and 
the  cam  10,  provided  that  a  rate  of  variation  of  the 
speed  of  the  piston  as  a  function  of  its  stroke  of  the 
type  described  and  illustrated  is  provided. 

Claims 

1.  A  control  system  for  the  injection  pressure  of 
an  electromagnetically  actuated  fuel  injector  (1) 
for  a  diesel  cycle  engine,  this  injector  compris- 
ing  an  injection  piston  moving  at  a  speed 
which  increases  proportionally  to  the  speed  of 
rotation  of  engine  and  being  provided  with  a 
moving  shutter  member  adapted  to  open  an 
injection  hole  (2)  in  order  to  inject  the  fuel 
when  the  piston  has  performed  a  predeter- 
mined  stroke,  characterized  in  that,  during 
each  injection  cycle,  the  injection  piston  is 
caused  to  advance  over  a  first  portion  of  its 
forward  stroke  at  a  speed  increasing  propor- 
tionally  to  this  stroke,  over  a  second  portion  of 
its  stroke  at  a  constant  speed  and  over  a  third 
portion  of  its  stroke  at  a  speed  which  again 
increases  proportionally  to  the  stroke  and  in 
that,  during  each  injection  cycle  and  for  a  first 
predetermined  speed  of  rotation  of  the  engine 

(ni  ),  the  predetermined  stroke  of  the  piston  at 
which  injection  of  the  fuel  commences  is  se- 
lected  along  the  first  portion  of  the  forward 
stroke  of  the  piston  and,  for  a  second  speed  of 

5  rotation  of  the  engine  (n2)  lower  than  the  first 
predetermined  speed,  the  predetermined 
stroke  of  the  piston  at  which  injection  of  the 
fuel  commences  is  selected  along  the  second 
portion  of  the  forward  stroke  of  the  piston. 

10 
2.  A  system  as  claimed  in  one  of  the  preceding 

claims,  characterized  in  that  the  second  pre- 
determined  speed  (n2)  is  between  30%  and 
70%  of  the  first  predetermined  speed  (ni  ). 

15 
3.  A  system  as  claimed  in  one  of  the  preceding 

claims,  in  which  the  moving  piston  is  controlled 
by  a  cam  (10)  borne  by  a  camshaft  (11)  ac- 
tuated  by  the  engine,  characterized  in  that  the 

20  profile  (9)  of  this  cam  is  selected  to  control  the 
piston  so  that  it  moves,  during  each  injection 
cycle,  over  a  first  portion  of  its  forward  stroke 
at  a  speed  which  increases  proportionally  to 
the  angle  of  rotation  of  the  cam,  over  a  second 

25  portion  of  its  stroke  at  a  constant  speed  as  the 
angle  of  rotation  of  the  cam  increases  and  over 
a  third  portion  of  its  stroke  at  a  speed  which 
again  increases  proportionally  to  the  angle  of 
rotation  of  the  cam,  and  in  that,  during  each 

30  injection  cycle  and  for  a  first  speed  of  rotation 
of  the  engine  (ni  ),  this  predetermined  stroke  of 
the  piston  at  which  injection  of  the  fuel  com- 
mences  is  selected  along  the  first  portion  of 
the  forward  stroke  of  the  piston  and,  for  a 

35  second  speed  of  rotation  of  the  engine  (n2) 
lower  than  the  first  predetermined  speed,  the 
predetermined  stroke  of  the  piston  at  which 
injection  of  the  fuel  commences  is  selected 
along  the  second  portion  of  the  forward  stroke 

40  of  the  piston. 

4.  A  system  as  claimed  in  one  of  the  preceding 
claims,  characterized  in  that  the  profile  (9)  of 
the  cam  (10)  is  selected  in  order  to  control  the 

45  piston  so  that  it  moves,  during  its  return  stroke, 
at  a  speed  which  decreases  proportionally  to 
the  angle  of  rotation  of  the  cam. 

5.  A  system  as  claimed  in  one  of  claims  5  or  6, 
50  characterized  in  that  the  angle  of  rotation  of 

the  cam  (10)  during  the  second  portion  of  the 
forward  stroke  of  the  piston  is  between  15% 
and  25%  of  the  angle  of  rotation  of  the  cam 
which  is  needed  to  perform  the  entire  forward 

55  stroke  of  this  piston. 
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