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Description 

This  invention  relates  to  a  dual  fuel 
compression  ignition  engine  according  to  the  first 
part  of  claim  1  .  In  this  specification  the  term  5 
"compression  ignition  engine"  is  intended  to 
refer,  not  only  to  an  engine  operating  on  a 
constant  pressure,  i.e.  diesel  cycle,  but  also  an 
engine  operating  on  a  compression  ignition  cycle. 
In  such  an  engine,  during  dual  fuel  operation,  a  10 
gaseous  fuel  is  mixed  with  air  and  the  mixture  is 
inducted  into  the  engine.  The  temperature  and 
pressure  prevailing  at  the  end  of  the  compression 
stroke,  whilst  they  would  be  sufficient  to  ignite 
diesel  oil,  are  insufficient  to  ignite  the  gas/air  15 
mixture.  Accordingly,  to  achieve  ignition,  a  small 
amount  of  diesel  oil  is  injected  into  the  engine 
using  a  conventional  injection  pump  and  injector 
system.  This  small  amount  of  diesel  oil, 
hereinafter  referred  to  as  pilot  fuel,  ignites  and  20 
consequently  ignites  the  gas/air  mixture  so  that 
combustion  thereof  takes  place. 

It  is  desirable  to  inject  the  minimum  amount  of 
pilot  fuel  in  order  to  minimise  the  proportion  of 
diesel  fuel  used  since  diesel  fuel  is  more  25 
expensive  than  gas. 

Practical  experience  shows  that  a  suitable  ratio 
at  full  throttle  operation  for  a  typical  automotive 
diesel  which  it  is  desired  to  convert  to  operate  on 
gas  is  around  10  °/o  diesel  oil  and  SO  %  gas  in  30 
terms  of  the  energy  provided  by  the  respective 
fuels. 

The  injection  of  the  required  amount  of  pilot 
fuel  is  achieved,  for  example,  by  positioning  a 
control  member  of  injection  pump,  conventionally  35 
referred  to  as  the  rack,  in  an  injection  pump  of 
the  type  which  pumps  discrete  volumes  or 
"slugs"  of  fuel  to  the  injector  system,  to  the 
position  appropriate  for  the  amount  of  fuel.  It  has 
been  found  that  if  the  control  member  is  40 
maintained  in  a  fixed  position  to  give  the  desired 
amount  of  pilot  fuel  at  full  throttle  operation,  the 
amount  of  pilot  fuel  injected  per  stroke  of  the 
engine  increases  significantly,  and  sometimes 
very  substantially,  with  engine  speed  due  to  45 
leakage  of  pilot  fuel  between  the  piston  and  a 
sleeve  of  the  injection  pump.  The  faster  the 
engine  speed  the  less  time  there  is  for  this 
leakage  to  occur  and  thus  more  pilot  fuel  is 
injected  into  the  engine  at  higher  speeds.  If,  50 
therefore,  the  control  member  is  fixed  in  a 
position  to  give  the  amount  of  pilot  fuel 
necessary  for  satisfactory  ignition  at,  for 
example,  low  speeds,  the  pump  will  inject  more 
pilot  fuel  at  high  speeds  than  is  required  for  55 
ignition  and  thus  the  proportion  of  pilot  fuel  to 
gas  in  the  fuel  at  high  speeds  is  greater  than  is 
necessary. 

DE-C-887  583  describes  a  dual  fuel 
compression  ignition  engine  having  a  gas  fuel  60 
supply  system  for  the  engine,  a  diesel  fuel  supply 
system  for  the  engine  including  an  injection 
pump  and  an  injector  system,  a  control  means  to 
control  the  amount  of  pilot  fuel  injected  into  the 
engine,  a  first  means  to  provide  a  first  input  to  65 

the  control  means  to  cause  the  control  means  to 
supply  pilot  fuel  at  a  predetermined  rate  in 
accordance  with  at  least  one  operating 
parameter  of  the  engine. 

WO-A-86/02  407,  describes  a  dual  fuel 
compression  ignition  engine  having  a  gas  fuel 
supply  system  for  the  engine,  a  diesel  fuel  supply 
system  for  the  engine  including  an  injection 
pump  and  an  injector  system,  a  control  means  to 
control  the  amount  of  the  pilot  diesel  fuel 
injected  into  the  engine,  a  first  means  to  provide 
a  first  input  to  the  control  means  to  cause  the 
control  means  to  supply  pilot  fuel  at  a 
predetermined  rate  in  accordance  with  at  least 
one  operating  parameter  of  the  engine  and 
second  means  to  provide  a  second  input  to  said 
control  means. 

FR-A-2  509  855,  which  does  not  mention  dual 
fuel  engines,  describes  the  use  of  a  feedback 
signal  indicating  the  amount  of  diesel  fuel 
injected  into  a  compression  ignition  engine  in  a 
control  means  adapted  to  adjust  the  supply  of 
fuel  to  correspond  to  a  signal  led  input  value. 

An  object  of  the  invention  is,  therefore,  to 
provide  a  dual  fuel  compression  ignition  engine 
wherein  the  above  mentioned  problem  is 
overcome  or  is  reduced  and  more  accurately  to 
control  the  amount  of  pilot  diesel  fuel  injected. 

According  to  the  present  invention  we  provide 
a  dual  fuel  compression  ignition  engine  having  a 
gas  fuel  supply  system  for  the  engine,  a  diesel 
fuel  supply  system  for  the  engine  including  an 
injection  pump  and  an  injector  system,  a  control 
means  to  control  the  amount  of  pilot  diesel  fuel 
injected  into  the  engine,  a  first  means  to  provide 
a  first  input  to  the  control  means  to  cause  the 
control  means  to  supply  pilot  fuel  at  a 
predetermined  rate  in  accordance  with  at  least 
one  operating  parameter  of  the  engine  and 
second  means  to  provide  a  second  input  to  said 
control  means  from  a  feed-back  signal  indicative 
of  the  amount  of  pilot  diesel  fuel  injected  into  the 
engine  and  the  control  means  being  adapted  to 
adjust  the  supply  of  the  pilot  fuel  to  correspond 
to  that  signalled  by  the  first  input. 

The  diesel  fuel  supply  system  may  include  an 
an  injection  pump  having  a  governor  and  the 
control  means  controls  the  amount  of  diesel  fuel 
injected  into  the  engine  by  the  pump,  and 
includes  means  to  arrest  movement  of  a  control 
member  of  the  pump,  in  the  direction  to  increase 
the  supply  of  diesel  fuel  to  the  engine,  so  as  to 
supply  fuel  into  the  engine  at  a  constant,  or 
substantially  constant,  rate. 

The  position  of  the  injection  pump  control 
member  can  thus  be  determined,  for  example 
from  rig  testing,  to  be  in  its  optimum  position  to 
give  good  ignition  with  the  minimum  amount  of 
pilot  fuel. 

Said  at  least  one  operating  condition  of  the 
engine  may  comprise  the  engine  speed. 

The  position  at  which  movement  of  the  control 
member  of  the  pump  is  arrested  can  be 
determined,  not  only  on  the  basis  of  engine 
speed,  but  also  by  other  operating  conditions 
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amount  of  pilot  diesel  fuel  supplied  to  the 
injector  system  and  the  amount  of  pilot  diesel 
fuel  returned  from  the  injector  system  to  provide 
a  signal  from  which  the  amount  of  fuel  injected 
into  the  engine  may  be  determined  to  provide 
said  feed-hack  signal. 

The  engine  may  be  provided  with  a  fuel  control 
system  comprising  flow  control  means  adapted 
to  control  the  relative  proportions  of  each  fuel 
supplied  to  the  engine,  wherein  the  system 
includes  means  to  provide  an  error  signal  derived 
from  engine  speed  and  throttle  position  and 
means  responsive  to  the  error  signal  to  supply 
the  diesel  and  gas  fuels  to  cause  the  engine 
speed  to  tend  towards  a  speed  demanded  by  the 
throttle  position. 

The  system  may  include  an  engine  speed 
sensor  to  provide  an  engine  speed  signal 
responsive  to  engine  speed,  a  throttle  position 
sensor,  to  provide  a  throttle  position  signal 
responsive  to  the  throttle  position,  the  control 
means  being  responsive  to  the  engine  speed  and 
throttle  position  signals  to  provide  a  first  fuel 
control  signal  and  a  second  fuel  control  signal  to 
the  diesel  fuel  and  gas  fuel  supply  systems 
respectively  to  cause  the  engine  speed  to  tend 
towards  said  speed  determined  by  the  throttle 
position. 

Said  control  means  may  comprise  an  electronic 
signal  processing  means  having  a  programmed 
control  algorithm  in  which  the  difference 
between  said  throttle  position  and  engine  speed 
is  calculated  and  used  as  an  error  signal. 

The  second  fuel  signal  provided  by  the 
electronic  signal  processing  means  may  be 
electronically  compared  with  a  pressure  signal 
dependent  upon  the  pressure  of  the  gas  fuel 
supply  and  a  gas  supply  valve  is  controlled  in 
dependence  on  a  predetermined  relationship 
between  said  pressure  signal  and  the  gas  fuel 
supply  control  signal. 

The  electronic  signal  processing  means  may 
include  a  look-up  table  containing  information 
concerning  gas  flow  as  a  function  of  a  valve 
opening  and  gas  fuel  pressure  whereby  the  look- 
up  table  gives  the  required  valve  opening  for  the 
required  gas  flow  and  the  detected  gas  pressure. 

Additional  stored  information  may  be  used 
with  the  error  signal  to  determine  the  relative 
proportions  of  the  diesel  and  gas  fuels,  which 
may  ensure  that  the  diesel  fuel  is  supplied  at  a 
constant  or  substantially  constant  rate,  and  the 
second  fuel  at  a  variable  rate.  This  may  be  at 
least  when  the  engine  speed  is  above  a  threshold 
where  the  position  of  the  control  member  is 
arrested. 

The  feed-back  signal  may  be  fed  to  the  control 
means  or  an  auxiliary  control  means,  which 
causes  the  position  of  the  control  member  to  be 
adjusted  in  accordance  with  the  required  and 
actual  amounts  of  diesel  fuel  delivered  to  the 
engine. 

Thus,  after  initial  calibration,  it  is  not  necessary 
to  recalibrate  the  engine.  It  will  be  appreciated 
that  as  the  engine  is  used,  the  amount  of  diesel 

such  as  the  position  of  the  speed  control  (i.e. 
throttle)  of  the  engine,  alone  or  in  combination 
with  the  engine  speed. 

The  injection  pump  may  be  of  the  type  which 
pumps  discrete  volumes  of  fuel  to  the  injector  5 
system. 

In  one  embodiment,  the  feedback  signal  is 
derived  from  a  strain  gauge  which  determines 
the  pressure  of  the  diesel  fuel  in  a  feed  line  from 
the  injection  pump,  means  being  provided  to  10 
correlate  the  pressure  with  the  amount  of  fuel 
injected  into  the  engine  from  the  injection  pump. 

For  example  the  strain  gauge  may  be  provided 
on  a  membrane  on  which  the  diesel  fuel  acts. 

In  another  embodiment  instead  of  a  strain  15 
gauge  the  or  one  or  more  of  the  injectors  through 
which  fuel  is  injected  into  the  engine,  may  be 
provided  with  an  accelerometerto  sense  the 
opening  and/or  closing  of  the  injector  and 
provide  a  signal  from  which  the  amount  of  fuel  20 
injected  into  the  engine  may  be  determined  to 
provide  said  feed-back  signal. 

In  another  embodiment  the  or  one  or  more  of 
the  injectors  through  which  pilot  diesel  fuel  is 
injected  into  the  engine  may  be  provided  with  25 
means  to  detect  when  and/or  the  extent  to  which 
a  valve  of  the  or  each  injector  is  open  and 
provide  a  signal  from  which  the  amount  of  fuel 
injected  into  the  engine  may  be  determined  to 
provide  said  feed-back  signal.  30 

The  control  member  may  be  positionable  by 
power  operated  means  such  as  a  stepping 
electric  motor,  a  DC  electric  motor,  a  hydraulic  or 
pneumatic  ram  or  a  diesel  controlled  actuator. 

The  means  which  arrest  movement  of  the  35 
control  member  may  comprise  a  member  which 
mechanically  engages  the  control  member  or 
means  to  disengage  the  power  means. 

Because  no  restraint  is  placed  on  the  control 
member  for  moving  towards  its  minimum  flow  40 
position,  in  the  event  of  the  governor  which 
controls  the  position  of  the  control  member 
requiring  movement  of  the  control  member  in  the 
direction  to  reduce  the  supply  of  diesel  fuel,  this 
can  take  place.  For  example,  in  the  event  of  45 
failure  of  the  gas  supply  mechanism  in  a  full  flow 
position,  the  engine  will  not  overspeed  because 
the  governor  will  operate  to  reduce  the  amount 
of  diesel  supplied  and  so  move  the  control 
member  to  a  position  at  which  no  diesel  oil  is  50 
supplied  and,  therefore,  there  will  be  no  diesel 
supplied  to  initiate  ignition  of  the  gas  so  the 
engine  will  slow  down  to  its  governed  speed. 

Alternatively,  the  injection  pump  may  be  of  the 
type  which  provides  a  continuous  flow  of  pilot  55 
diesel  fuel  which  is  fed  by  a  continuously 
pressurised  supply  line  to  the  injector  system  and 
the  injector  system  being  arranged  to  inject 
discrete  volumes  of  pilot  diesel  fuel  into  the  or 
each  cylinder  of  the  engine  from  said  supply  line.  60 

In  this  case  and  in  the  case  where  the  injection 
pump  is  of  the  type  which  pumps  discrete 
volumes  the  feed-back  signal  may  be  derived 
from  a  differential  pilot  diesel  fuel  flow  means 
which  determines  the  difference  between  the  65 
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fuel  fed  to  the  engine  for  a  given  pump  control 
condition  may  vary,  as  seals  become  worn  for 
example,  or  as  the  injectors  carbonise.  By 
providing  a  feed-back  signal  as  described  it  can 
be  ensured  that  the  amount  of  fuel  delivered  for  5 
the  given  condition  of  the  engine  is  correct. 
Further,  any  inaccuracy  in  the  power  operated 
means,  where  provided,  can  be  accommodated. 

More  generally,  it  has  been  found  that  there  is 
some  merit  in  injecting  a  larger  amount  of  pilot  10 
fuel  per  piston  stroke  at  low  engine  speed  than  is 
required  at  high  engine  speed  in  order  to  give 
satisfactory  throttle  response  and  engine 
acceleration. 

An  example  of  the  invention  will  now  be  15 
described  with  reference  to  the  accompanying 
drawings  wherein: 

FIGURE  1  is  a  diagrammatic  plan  view  of  a  dual 
fuel  diesel  engine  embodying  the  invention,  20 

FIGURE  2  is  a  side  elevation,  to  an  enlarged 
scale,  of  the  injection  pump  of  the  engine  of 
Figure  1, 

FIGURE  3  is  a  schematic  diagram  of  one 
embodiment  of  a  fuel  control  system  used  for  the  25 
engine  of  Figure  1, 

FIGURE  4  is  a  diagrammatic  cross-section 
through  part  of  the  engine  of  Figure  1, 

FIGURE  5  is  a  diagramatic  side  elevation  of  an 
injector  for  use  in  a  modification  of  the  engine  of  30 
Figure  1, 

FIGURE  6  is  a  diagramatic  cross-section 
through  an  injector  for  use  in  another 
modification  of  the  engine  of  Figure  1,  and 

FIGURE  7  is  a  diagramatic  side  elevation  of  an  35 
alternative  embodiment  of  dual  fuel  diesel 
engine. 

Referring  to  the  drawings,  in  Figure  1  a 
conventional  six  cylinder  diesel  engine  is  40 
indicated  at  10  and  can  comprise,  for  example, 
the  engine  of  a  motor  vehicle  such  as  a  lorry.  The 
engine  10  has  a  conventional  fuel  injection  pump 
11  of  the  type  which  pumps  discrete  volumes  or 
"slugs"  of  diesel  fuel  to  conventional  injectors  12  45 
by  which  the  diesel  fuel  oil  is  injected  into  the 
cylinders  of  the  engine.  Reference  may  be  made 
to  our  published  specification  No.  GB-A-2  166  267 
for  a  more  detailed  description  of  such  a  pump. 
The  diesel  oil  is  supplied  to  the  injection  pump  11  50 
by  a  lift  pump  13  from  a  diesel  oil  tank  15  of  the 
vehicle  via  a  pipeline  16  and  excess  diesel  oil 
from  the  injectors  is  returned  to  the  tank  15  via 
return  pipe  16a.  Air  is  inducted  from  atmosphere 
via  an  air  intake  17  and  fed  to  the  cylinders  of  the  55 
engine  by  means  of  a  conventional  manifold  18. 
Between  the  air  inlet  17  and  the  manifold  15  is  a 
duct  19  to  which  gas  fuel  is  fed  along  a  conduit  20 
from  a  gas  supply  valve  21  which  s  supplied  with 
gas  from  a  storage  vessel  22  along  a  conduit  23  60 
via  an  excess  pressure  relief  valve  24  and  a 
pressure  regulator  25. 

The  gas  supply  control  valve  21  may  be 
controlled  by  any  suitable  means,  for  example,  as 
described  below  with  reference  to  Figure  3.  This  65 

fuel  control  system  includes  an  engine  speed 
transducer  1'  for  converting  information  about 
engine  speed  into  an  electrical  signal,  a  throttle 
position  transducer  2'  for  converting  information 
about  the  position  of  the  throttle  T  into  an 
electrical  signal,  and  a  gaseous  fuel  pressure 
transducer  3'  for  converting  information  about 
the  pressure  of  the  gaseous  fuel  in  conduit  23 
into  an  electrical  signal.  The  engine  speed  signal 
is  transmitted  along  a  line  4',  and  the  throttle 
position  signal  is  transmitted  along  a  line  5'  and 
the  pressure  signal  is  transmitted  along  line  6'  to 
an  input  filter  7  of  a  micro-processor  8'  shown  in 
dotted  lines. 

The  input  filter  7'  is  a  low  pass  filter  and  serves 
to  remove  any  transient  noise  present  in  the 
various  signals  and  to  increase  the  resolution  of 
the  signals.  The  filtered  engine  speed  signal  is 
transmitted  along  a  line  9'  to  a  proportional, 
integral  and  derivative  control  algorithm 
designated  10'.  The  filtered  throttle  position 
signal  is  transmitted  along  line  11'  to  the  control 
algorithm  10'.  The  difference  between  the 
throttle  position  and  engine  speed  signals  is 
calculated  within  the  control  algorithm  10'  and  is 
used  as  an  error  signal  in  the  control  algorithm. 

The  control  algorithm  10'  calculates  the 
required  flow  rate  of  fuel  and  the  relative 
proportions  between  the  gas  fuel  required  and 
the  diesel  oil  required.  The  value  of  the 
calculated  flow  rate  is  compared  with  the 
maximum  allowable  flow  rate  for  the  particular 
engine  speed  (which  is  known  for  any  particular 
engine  and  engine  speed)  and  if  the  calculated 
flow  rate  is  greater  than  this  maximum  value, 
then  the  value  of  the  calculated  flow  rate  is 
replaced  with  the  maximum  value. 

The  control  algorithm  10'  produces  two 
outputs,  one  of  which  is  representative  of  the 
required  diesel  fuel  flow  rate.  This  signal  is 
transmitted  along  a  line  12'  to  an  electro- 
mechanical  device  13'  which  is  connected  to  the 
diesel  injection  pump  11  or  to  an  engine  speed 
governor  which  is  connected  to  the  injection 
pump  11. 

The  engine  speed  governor  may  be  a 
conventional  governor  which  determines  the 
amount  of  fuel  which  should  be  supplied  to  the 
cylinder  through  the  injection  pump  1  1  .  This 
amount  of  fuel  would  be  the  amount  of  fuel 
required  if  the  engine  was  being  operate  as  a 
diesel  only  engine.  When  two  fuels  are  being 
used,  the  amount  of  diesel  oil  required  by  the 
engine  is  different  from  when  on  diesel  oil  is 
being  used. 

The  electro-mechanical  device  13'  is  adapted 
to  prevent  the  injection  pump  11  from  delivering 
the  quantity  of  diesei  oil  which  is  demanded  by 
the  governor  by  controlling  movement  of  a 
control  member  1  1a  of  the  pump  (see  figure  2)  in 
order  to  control  the  amount  of  diesel  oil  supplied 
to  the  engine.  Typically  the  control  algorithm  10' 
operates  such  that  the  electro-mechanical  device 
13'  prevents  the  injection  pump  11  from 
delivering  more  than  a  fixed  percentage  of  the 

4 
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diesel  injection  pump  is  shown  at  11  and  the 
conventional  control  member  or  rack  is  shown  at 
11a.  Carried  on  a  bracket  24a  provided  on  the 
pump  11  is  the  electro-mechanical  device  13' 
which  has  an  output  shaft  25a,  the  pasition  of 
which  in  the  present  example,  is  determined  by  a 
power  means  comprising  a  stepping  electric 
motor  under  the  control  of  the  signal  transmitted 
along  the  line  12'.  The  output  shaft  25a  carries  a 
lever  26  which  engages  the  control  member  1  1a 
to  arrest  movement  of  the  control  member  1  1a  in 
the  direction  to  increase  the  amount  of  diesel 
fuel  supplied  by  the  pump  1  1  ,  the  position  of 
arrest  of  the  control  member  1  1a  being 
determined  as  described  hereinbefore.  No 
restraint  is  placed  upon  the  control  member  11a 
from  retracting  towards  its  minimum  flow 
position. 

Thus,  in  the  event  of  any  failure  of  the  gas  flow 
mechanism  in  the  "open"  position,  the  engine  will 
not  overspeed.  The  mechanical  governor 
controlling  the  control  member  11a,  which  is  an 
integral  part  of  the  diesel  fuel  injection  pump  11, 
will  operate  normally  and  withdraw  the  control 
member  11a  to  a  no  "no  flow"  condition  and  thus 
no  pilot  fuel  will  be  available  and  the  engine  will 
slow  to  equilibrium  at  its  governed  speed,  at 
which  point  pilot  fuel  would  again  be  supplied, 
without  load  on  it. 

The  pump  1  1  is  connected  to  each  of  the 
various  six  cylinders  of  the  engine  10  by  a  feed 
line  P.  In  one  feed  line  P',  a  feed-hack  signal 
generating  means  G  is  provided  which  is  shown 
in  more  detail  in  Figure  4. 

The  generating  means  G  comprises  a  fitting 
which  is  connected  in  the  feed  line  P',  the  fitting 
having  an  inlet  30  which  is  connected  by  a  first 
feed  line  part  to  the  pump  1  1  ,  and  an  outlet  31 
which  is  connected  to  its  respective  injector  12 
via  a  second  feed  line  part,  a  passage  33 
extending  through  the  fitting  between  the  inlet  30 
and  the  outlet  31. 

Branching  from  passage  33  is  a  secondary 
passage  34  which  commucates  with  a  chamber 
35  provided  by  a  connector  36  which  is  received 
in  an  opening  37  of  the  fitting. 

Within  the  chamber  35  is  positioned  a 
membrane  38  comprising  a  disc,  which  isolates 
chamber  35  and  thus  the  pressure  of  the  diesel 
fuel  in  passage  33  is  communicated  to  the  disc 
38.  A  strain  gauge  39  is  adhered  to  the  disc  38 
and  an  electrical  signal  is  produced  in  response 
to  the  pressure  of  the  diesel  fuel  in  passage  33. 
This  signal  is  fed  via  a  signal  processing  means  H 
and  a  low  pass  filter  7'  to  the  algorithm  10'. 

It  will  be  appreciated  that  each  time  the 
injection  pump  11  is  operative  to  pump  fuel  along 
the  feed  line  P'  in  which  the  generating  means  G 
is  provided,  the  pressure  of  the  fuel  within  the 
feed  line  P'  will  increase. 

The  strain  gauge  39  will  produce  a  signal 
indicating  a  sharp  rise  in  pressure  as  the  pump 
begins  to  pump,  before  the  injector  12  injects  the 
fuel  into  the  engine,  followed  by  a  period  of  high 
pressure  whilst  the  fuel  is  injected,  followed  by 

diesel  oil  which  would  be  supplied  at  full  throttle. 
An  example  of  a  typical  percentage  is 
approximately  10  °/o.  The  device  13'  does  not 
prevent  the  pump  11  from  delivering  less  than 
this  fixed  percentage.  5 

The  precise  percentage  of  diesel  oil  injected 
into  each  cylinder  may  be  fixed  throughout  the 
speed  range  of  the  engine  or  it  may  be  varied 
somewhat  so  that  the  appropriate  amount  is 
injected  to  give  satisfactory  ignition  over  the  10 
whole  speed  range  of  the  engine.  Because,  as 
explained  hereinbefore,  we  have  discovered  that 
as  the  engine  speed  increases  there  is  less  time 
for  leakage  of  fuel  to  occur  in  the  pump  and  thus 
more  fuel  is  injected  into  the  engine  as  speed  15 
increases,  if  the  control  member  1  1a  is 
maintained  in  a  constant  position,  the  device  13' 
may  be  arranged  to  cause  the  control  member 
1  1a  of  the  pump  1  1  to  move  in  the  direction  to 
reduce  fuel  supply  as  the  engine  speed  20 
increases,  even  though  this  can  have  the  effect 
of  maintaining  the  actual  amount  of  diesel 
supplied  into  the  cylinder  of  the  engine  constant. 
The  device  13',  therefore,  adjusts  the  position  of 
the  control  member  1  1a  of  the  pump  1  1  25 
appropriately  to  give  precisely  the  amount  of 
diesel  fuel  which  it  is  required  to  be  injected 
which,  as  explained,  can  be  a  constant  amount 
over  the  whole  speed  range  of  the  engine  or  a 
variable  amount  if,  for  any  particular  engine,  it  is  30 
found  that  different  amounts  of  pilot  fuel  are 
required  at  different  engine  speeds. 

In  all  cases  the  percentage  of  diesel  oil 
supplied,  compared  to  that  which  would  be 
supplied  at  full  throttle,  is  severely  restricted  and  35 
is  of  the  order  of  10  °/o  in  this  example,  although 
of  course  it  may  be  based  on  other  percentages  if 
desired. 

The  other  output  from  the  control  algorithm  10' 
is  transmitted  along  line  15'  to  a  look-up  table  16'.  40 
In  addition,  the  filtered  information  concerning 
the  gaseous  fuel  pressure  is  fed  along  line  17'  to 
the  look-up  table  16'.  The  look-up  table  16' 
contains  stored  information  concerning  gas  flow 
as  a  function  of  valve  opening  and  gaseous  fuel  45 
pressure.  Consequently  the  look-up  table  16'  can 
calculate  the  required  opening  of  valve  21  given 
the  required  gas  flow  (from  line  15')  and  the 
existing  gas  pressure  (from  line  17'). 

The  information  concerning  the  valve  opening  50 
is  transmitted  along  a  line  18'  to  a  low  pass 
output  filter  19',  and  then  along  a  line  20'  to  the 
gas  valve  21  .  The  gas  valve  21  '  regulates  the 
supply  of  gaseous  fuel  between  conduit  23  which 
is  connected  to  the  gas  storage  vessel  22,  and  55 
conduit  20,  which  is  connected  to  the  duct  19. 
Reference  may  be  made  to  our  published 
specification  GB-A-2  166  267  for  a  more  detailed 
description  of  the  operation  of  the  fuel  control 
system  in  respect  of  control  of  gas  flow  and  the  60 
variations  therein  may  be,  applied  mutatis 
mutandis  to  the  present  invention.  For  example, 
the  gas  may  be  supplied  via  a  gas  distributor  to  a 
gaseous  fuel  injector  for  each  engine  cylinder. 

Referring  now  particularly  to  Figure  2,  the  65 
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another  momentary  rise  in  pressure  as  the 
injector  ceases  to  inject  the  fuel.  Thereafter  the 
pressure  will  decrease  as  the  pump  1  1 
discontinues  pumping  fuel  to  feed  line  P'. 

Thus,  the  time  for  which  the  injector  is  5 
operative  to  inject  the  fuel  i.e.  the  period  whilst 
the  injector  12  is  operating  can  be  determined,  as 
well  as  an  indication  of  the  magnitude  of  the 
pressure.  By  knowing  the  size  of  passage  33,  the 
amount  of  fuel  delivered  to  the  associated  10 
cylinder,  and  by  averaging,  to  the  engine,  can  be 
accurately  estimated.  Thus  the  algorithm  10'  can 
not  only  signal  device  13'  to  arrest  movement  of 
the  control  member  or  rack  11a,  but  can  adjust  its 
position  if  it  is  found  that  too  much  or  too  little  15 
fuel  is  actually  being  delivered  as  determined 
from  the  feed-beck  signal  generated  by  means  G, 
compared  with  the  calculated  optimum  amount 
of  fuel. 

In  an  alternative  arrangement,  instead  of  20 
feeding  the  feed-beck  signal  to  the  algorithm  10', 
the  signal  may  be  fed  to  an  auxiliary  control 
means  which  is  operative  to  adjust  the  position  of 
arrested  member  1  1a  where  the  amount  of  fuel 
actually  delivered  is  found  to  be  different  from  25 
the  required  optimum  amount  of  fuel. 

In  use,  on  initial  setting  up  of  the  engine,  it  is 
necessary  to  calibrate  the  fuel  feed  system,  to 
ensure  that  the  actual  amount  of  diesel  fuel  being 
delivered  into  the  engine  corresponds  with  the  30 
optimum  calculated  value  as  determined  by  the 
algorithm  10'.  Because  of  the  feed-back  signal 
generated  from  feed-back  generating  means  G,  it 
is  not  necessary  after  this  initial  calibration  to 
recalibrate  the  engine.  Without  the  feed-beck  35 
signal,  it  will  be  appreciated  that  as  the  engine  is 
used  the  amount  of  diesel  fuel  fed  to  the  engine 
with  the  control  member  in  its  arrested  position, 
may  vary  as  parts  of  the  engine  wear  and  as  the 
injectors  carbonise.  40 

By  providing  a  feed-back  signal  as  described, 
the  arrested  position  of  the  control  member  11a 
can  be  continually  adjusted  to  ensure  that  the 
maximum  amount  of  fuel  permitted  for  the  given 
condition  of  the  engine  is  never  exceeded.  45 
Further,  any  inaccuracy  in  the  stepper  motor  of 
the  device  13',  can  be  accommodated. 

In  another  embiment  shown  in  Figure  5,  instead 
of  a  strain  gauge  the  or  one  or  more  of  the 
injectors  12  through  which  pilot  fuel  is  injected  50 
into  the  engine,  may  have  an  accelerometer  40 
attached  thereto  to  sense  the  opening  and/or 
closing  of  the  injector  and  provide  a  signal  from 
which  the  amount  of  fuel  injected  into  the  engine 
may  be  determined  and  hence  provide  a  feed-  55 
back  signal. 

In  another  embodiment,  shown  in  Figure  6,  the 
or  one  or  more  of  the  injectors  12  through  which 
pilot  diesel  fuel  is  injected  into  the  engine  is 
provided  with  means  51  to  detect  when  the  60 
injector  needle  valve  is  open  and  thus  fuel  is 
being  injected  and  so  provide  a  feed-back  signal. 
The  means  51  may  comprise  an  electrical  switch 
actuated  by  movement  of  the  needle  52,  the 
switch  51  being  connected  by  lead  53  to  the  65 

control  system.  In  a  modification  the  means  51 
may  not  only  simply  detect  when  the  injector 
needle  valve  is  open  but  may  also  detect  the 
extent  to  which  the  needle  valve  is  open  and  thus 
provide  a  more  accurate  signal  of  the  amount  of 
fuel  which  is  being  injected  into  the  engine.  In 
this  modification  the  means  551  may  for  example 
be  a  potentiometer  device. 

In  another  embodiment,  shown  in  Figure  1,  a 
feed-back  signal  as  described  abeve  is  provided 
by  determining  the  difference  between  the 
amount  of  pilot  diesel  fuel  being  supplied  to  the 
injector  system  and  the  amount  of  pilot  diesel 
fuel  being  returned  from  the  injector  system.  This 
is  done  by  providing  flow  transducers  60,  61  in 
the  flow  line  16  and  return  line  16a  respectively. 
The  transducers  60,  61  are  shown  in  dotted  line  in 
Figure  1.  By  comparing  the  amount  of  fuel 
flowing  as  determined  by  the  tranducers  60,  61  a 
measure  of  the  amount  of  fuel  injected  into  the 
engine  is  obtained  and  this  provides  a  feed-beck 
signal  which  is  used,  as  described  hereinbefore, 
to  adjust  the  position  of  arrest  of  movement  of 
the  rack  1  1a  in  a  similar  manner  to  the  feed-back 
signal  generated  by  the  means  G  described 
hereinbefore. 

In  another  embodiment,  shown  in  Figure  7,  in 
which  the  same  reference  has  been  used  for 
corresponding  parts  as  were  used  in  Figures  1  -  3 
but  with  the  addition  of  100,  the  engine  100  is 
provided  with  an  alternative  form  of  injection 
pump  1  1  1  of  the  type  which  provides  a 
continuous  flow  of  pressurised  diesel  fuel  to 
provide  a  continuously  pressurised  line  1  1  1a  by 
which  pilot  fuel  is  fed  to  the  injectors  112.  The 
injectors  1  12  are  of  a  different  type  to  that 
described  hereinbefore  and  instead  of  being 
actuated  by  the  arrival  at  an  injector  of  a  slug  of 
diesel  fuel,  as  in  the  previously  described 
embodiments,  the  injectors  are  opened  at  the 
appropriate  time  in  the  engine  cycle  by  a  cam 
shaft  and  permit  injection  of  a  discrete  volume  of 
diesel  fuel  into  the  associated  cylinder  from  the 
pressurised  line  in  accordance  with  the  time  for 
which  the  injector  is  maintained  open  by  the  cam 
shaft  and  the  flow  characteristics  of  the  injector. 

Such  a  pressurised  line  injection  system  is 
commonly  known  as  a  "Cummins"  system. 

The  dual  fuel  supply  means  described 
hereinbefore  in  connection  with  Figure  1  is  used, 
with  appropriate  modification,  in  the  present 
embodiment.  Thus,  engine  speed  and  throttle 
position  sensors  101'  and  102'  are  provided  which 
provide  an  input  to  the  microprocessor  108'  as  is 
a  signal  indicative  of  gaseous  fuel  pressure 
difference  across  the  gaseous  fuel  pressure 
control  valve  121  by  a  line  106'.  In  addition, 
differential  flow  transducers  160  and  161  provide 
signals  to  the  microprocessor  108'  indicative  of 
the  actual  amount  of  diesel  fuel  injected  into  the 
engine. 

The  control  algorithm  of  the  microprocessor 
108'  provides  an  output  signal  as  described  in 
connection  with  the  first  embodiment  to  the  gas 
control  valve  121'  so  that  the  gas  supply  is 
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controlled  as  described  previously.  In  addition, 
the  algorithm  provides  an  output  signal  along  line 
1  12'  to  suitable  means  to  limit  the  amount  of 
diesel  fuel  injected  by  the  injectors  112  to  a  pilot 
amount  similar  to  the  amount  of  pilot  diesel  fuel 
described  hereinbefore  with  reference  to  the 
previous  embodiments. 

The  signal  provided  along  line  112'  is 
dependent  on  the  speed  sensor  101'  which 
provides  a  first  means  which  provides  a  first 
input  to  the  control  means  comprised  by  the 
microprocessor  108'  which  will  cause  it  to  provide 
a  signal  along  line  1  12'  to  cause  pilot  fuel  to  be 
supplied  at  a  predetermined  rate  in  accordance 
with  the  engine  speed.  However,  because  as  in 
the  case  of  the  first  embodiment  there  are 
factors  whereby  the  actual  amount  of  pilot  diesel 
fuel  injected  into  the  cylinders  differs  from  that 
intended  the  flow  transducers  160,  161  provide  a 
second  means  which  provide  a  second  input 
signal  to  the  control  means  causing  modification 
in  of  the  supply  of  pilot  fuel  signal  led  by  the  first 
means  so  that  the  actually  desired  amount  of 
pilot  diesel  fuel  is  in  fact  injected  into  the  engine. 
Although,  in  the  above  example  the  first  means 
provides  a  first  input  dependent  upon  engine 
speed  the  first  input  may  be  dependent  on  some 
other  engine  parameter  and  similarly  the  second 
input  signal  provided  by  the  second  means,  in  the 
present  example  as  a  result  of  the  differential 
flow  detected  by  the  transducers  160,  161,  may 
be  provided  as  a  result  of  sensing  some  other 
engine  parameter  indicative  of  the  actual  amount 
of  diesel  fuel  injected  into  the  engine. 

If  desired,  instead  of  providing  a  stepper 
motor,  a  DC  motor,  or  any  other  power  means 
may  be  provided  within  device  13'  to  arrest  the 
position  of  the  control  member  1  1a  in  the 
direction  to  increase  the  supply  of  diesel  fuel  to 
the  engine.  Instead  of  a  six  cylinder  engine  the 
invention  may  be  applied  to  any  other  type  of 
engine. 

If  desired,  in  both  the  type  of  injector  system 
described  with  reference  to  Figure  1  and  that 
described  with  reference  to  Figure  7  a  feed-back 
signal  may  be  provided  by  sensing  the 
temperature  of  the  pilot  fuel  which  is  indicative 
of  the  amount  of  diesel  fuel  injected  into  the 
engine  because  the  amount  injected  varies  with 
the  viscosity  of  the  fuel  which  varies  with 
temperature,  or  by  sensing  the  actual  power 
developed  by  the  engine. 

the  control  means  (8';  108')  to  cause  the  control 
means  (8';  108')  to  supply  pilot  fuel  at  a 
predetermined  rate  in  accordance  with  at  least 
one  operating  parameter  of  the  engine 

5  characterised  by  a  second  means  (G;  160,  161)  to 
provide  a  second  input  to  said  control  means  (8'; 
108')  from  a  feed-back  signal  indicative  of  the 
amount  of  pilot  diesel  fuel  injected  into  the 
engine  (10,  100)  and  the  control  means  (8';  108') 

10  being  adapted  to  adjust  the  supply  of  the  pilot 
fuel  to  correspond  to  that  signal  led  by  the  first 
input. 

2.  A  dual  fuel  compression  ignition  engine 
according  to  Claim  1  wherein  the  diesel  fuel 

15  supply  system  includes  an  injection  pump  (11) 
having  a  governor  and  the  control  means  (8') 
controls  the  amount  of  diesel  fuel  injected  into 
the  engine  by  the  pump,  and  includes  means  (13') 
to  arrest  movement  of  a  control  member  (11a)  of 

20  the  pump  (11),  in  the  direction  to  increase  the 
supply  of  diesel  fuel  to  the  engine  (10),  so  as  to 
supply  pilot  fuel  into  the  engine  at  a  constant,  or 
substantially  constant,  rate. 

3.  An  engine  according  to  Claim  1  or  Claim  2 
25  wherein  said  at  least  one  operating  parameter 

comprises  the  position  of  the  speed  control  of 
the  engine,  and/or  the  engine  speed. 

4.  An  engine  according  to  any  one  of  the 
preceding  claims  wherein  the  injection  pump  (11) 

30  is  of  the  type  which  pumps  discrete  volumes  of 
fuel  to  the  injector  system. 

5.  An  engine  according  to  Claim  4  wherein  the 
feedback  signal  is  derived  from 

a)  a  strain  gauge  (39)  which  determines  the 
35  pressure  of  the  diesel  fuel  in  a  feed  line  (PI)  from 

the  injection  pump  (11),  means  (10')  being 
provided  to  correlate  the  pressure  with  the 
amount  of  fuel  injected  into  the  engine  (10)  from 
the  injection  pump  (11), 

40  b)  or  from  one  or  more  of  the  injectors  (1  2) 
through  which  fuel  is  injected  into  the  engine  (10) 
which  is  provided  with  an  accelerometer  (40)  to 
sense  the  opening  and/or  closing  of  the  injector 
(12)  and  provide  a  signal  from  which  the  amount 

45  of  fuel  injected  into  the  engine  (10)  may  be 
determined  to  provide  said  feed-back  signal,  or 

c)  from  one  or  more  of  the  injectors  (12) 
through  which  pilot  diesel  fuel  is  injected  into  the 
engine  (10)  which  is  provided  with  means  (51)  to 

50  detect  when  and/or  the  extent  to  which  a  valve 
(52)  of  the  or  each  injector  (12)  is  open  and 
provide  a  signal  from  which  the  amount  of  fuel 
injected  into  the  engine  may  be  determined  to 
provide  said  feed-back  signal. 

55  6.  An  engine  according  to  any  one  of  Claims  1 
to  3  wherein  the  injection  pump  (1  1  1  )  is  ofthe 
type  which  provides  a  continuous  flow  of  pilot 
diesel  fuel  which  is  fed  by  a  continuously 
pressurised  supply  line  (11  la)  to  the  injector 

60  system  (112)  and  the  injector  system  (112)  being 
arranged  to  inject  discrete  volumes  of  pilot  diesel 
fuel  into  the  or  each  cylinder  of  the  engine  (100) 
from  said  supply  line  (1  1  1a). 

7.  An  engine  according  to  any  one  of  Claims  1 
65  to  4  or  Claim  6  wherein  the  feed-back  signal  is 

7 

Claims 

1.  A  dual  fuel  compression  ignition  engine  (10; 
100)  having  a  gas  fuel  supply  system  (20  -  25)  for 
the  engine,  a  diesel  fuel  supply  system  (11  -  16a; 
111  -  116)  for  the  engine  including  an  injection 
pump  (11;  111)  and  an  injector  system  (12;  112),  a 
control  means  (8';  108')  to  control  the  amount  of 
pilot  diesel  fuel  injected  into  the  engine  (10;  100), 
a  first  means  (V;  101')  to  provide  a  first  input  to 
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derived  from  a  differential  pilot  diesel  fuel  flow 
means  (60,61;  160;  161)  which  determines  the 
difference  between  the  amount  of  pilot  diesel 
fuel  supplied  to  the  injector  system  (12;  112)  and 
the  amount  of  pilot  diesel  fuel  returned  from  the  5 
injector  system  (12;  112)  to  provide  a  signal  from 
which  the  amount  of  fuel  injected  into  the  engine 
(10;  100)  may  be  determined  to  provide  said  feed- 
back  signal. 

8.  An  engine  according  to  any  one  of  Claims  1  10 
to  4  or  Claim  6  wherein  the  feed-back  signal  is 
dependent  upon  the  temperature  of  the  pilot  fuel. 

9.  An  engine  according  to  any  of  of  Claims  1  to 
4  or  Claim  6  wherein  the  feed-back  signal  is 
dependent  upon  the  power  developed  by  the  15 
engine. 

10.  An  engine  according  to  any  one  of  the 
preceding  claims  wherein  the  engine  (10;  100)  is 
provided  with  a  fuel  control  system  comprising 
flow  control  means  (8';  108')  adapted  to  control  20 
the  relative  proportions  of  each  fuel  supplied  to 
the  engine  (10;  100),  wherein  the  system  includes 
means  [Y,  2';  101';  102')  to  provide  an  error  signal 
derived  from  engine  speed  and  throttle  position 
and  means  responsive  to  the  error  signal  to  25 
supply  the  diesel  and  gas  fuels  to  cause  the 
engine  speed  to  tend  towards  a  speed  demanded 
by  the  throttle  position  and  said  control  means 
(8';  108')  comprises  an  electronic  signal 
processing  means  having  a  programmed  control  30 
algorithm  (10')  in  which  the  difference  between 
said  throttle  position  and  engine  speed  is 
calculated  and  used  as  the  error  signal. 

35 

Patentanspriiche 

1.  Zweibrennstoff- 
Verdichtungszundungsmaschine  (10;  100)  mit  40 
einem  Zufuhrsystem  (20  -  25)  fiir  gasformigen 
Brennstoff  fur  die  Maschine,  einem  Zufuhrsystem 
(11  -16a;  111  -  116)  fur  die  Maschine,  mit  einer 
Einspritzpumpe  (11;  111)  und  einem 
Einspritzsystem  (12;  112),  einem  Steuermittel  (8',  45 
108')  zur  Steuerung  des  Betrages  des  in  die 
Maschine  (10;  100)  eingespritzten 
Pilotdieselkraftstoffs,  und  ersten  Mitteln  (V,  101') 
zum  Schaffen  einer  ersten  Eingabe  zu  dem 
Steuermittel  (8';  108')  zur  Bewirkung  einer  Zufuhr  50 
von  Pilotkraftstoff  durch  das  Steuermittel  (8', 
108')  mit  einer  vorgegebenen  Rate  in 
Ubereinstimmung  mit  wenigstens  einen 
Betriebsparameter  der  Maschine, 
gekennzeichnet  durch  ein  zweites  Mittel  (G;  160,  55 
161)  zum  Schaffen  einer  zweiten  Eingabe  fur  das 
Steuermittel  (8',  108')  von  einem  ruckgefuhrten 
Signal,  das  den  Betrag  des  in  die  Maschine  (10, 
100)  eingespritzten  Politdieselkraftstoffs  angibt, 
und  wobei  die  Steuermittel  (8';  108')  dazu  60 
eingerichtet  sind,  die  Zufuhr  des  Pilotkraftstoffs 
demjenigen  von  der  ersten  Eingabe  signalisierten 
entsprechend  einzustellen. 

2.  Zweibrennstoff- 
Verbrennungsziindungsmaschine  nach  Anspruch  65 

1,  wobei  das  Zufuhrsystem  fiir  Dieselkraftstoff 
eine  Einspritzpumpe  (11)  mit  einem  Regler 
aufweist  und  das  Steuermittel  (8')  den  Betrag  des 
in  die  Maschine  durch  die  Pumpe  eingespritzten 
Dieselkraftstoffs  steuert  und  das  Zufuhrsystem 
weiter  Mittel  (13')  zum  Arretieren  der  Bewegung 
eines  Steuerelements  (11a)  der  Pumpe  (11)  in  der 
Richtung  auf  eine  Erhohung  der  Zufuhr  des 
Dieselkraftstoffs  zu  der  Maschine  (10)  aufweist, 
so  daS  der  Pilotkraftstoff  in  die  Maschine  mit 
einer  konstanten  oder  aber  im  wesentlichen 
konstanten  Rate  zugefuhrt  wird. 

3.  Maschine  nach  Anspruch  1  und  Anspruch  2, 
wobei  der  wenigstens  eine  Betriebsparameter 
die  Position  der  Geschwindigkeitssteuerung  der 
Maschine  und/oder  die 
Maschinengeschwindigkeit  beinhaltet. 

4.  Maschine  nach  einem  der  vorangehenden 
Anspriiche,  wobei  die  Einspritzpumpe  (11)  von 
einem  Typ  ist,  der  diskrete  Volumina  von 
Brennstoff  in  das  Einspritzsystem  pumpt. 

5.  Maschine  nach  Anspruch  4,  wobei  das 
ruckgefiihrte  Signal  gewonnen  durch  von 

a)  einem  DehnungsmeBstreifen  (39),  der  den 
Druck  des  Dieselkraftstoffs  in  einer  Speiseleitung 
(PI)  von  der  Einspritzpumpe  (11)  bestimmt, 
Mitteln  (10'),  die  vorgesehen  sind,  urn  den  Druck 
mit  der  in  die  Maschine  (10)  von  der 
Einspritzpumpe  (11)  eingespritzten  Kraftstoff 
menge  in  Bezug  zu  setzen, 

b)  von  einem  oder  mehreren  der  Einspritzer 
(12),  durch  die  Brennstoff  in  die  Maschine  (10) 
eingespritzt  wird,  die  mit  einem 
Beschleunigungsmesser  (40)  zum  Messen  der 
Offnung  und/oder  des  SchlieSens  des 
Einspritzers  (12)  versehen  sind,  und  ein  Signal 
schaffen,  von  dem  der  Betrag  des  in  die 
Maschine  (10)  eingespritzten  Brennstoffs 
bestimmt  werden  kann,  urn  das  ruckgefiihrte 
Signal  zu  schaffen,  oder 

c)  von  einem  oder  mehreren  der  Einspritzers 
(12),  durch  die  Pilotdieselkraftstoff  in  die 
Maschine  (10)  eingespritzt  wird,  die  mit  Mitteln 
(51)  zum  Erkennen  wann  und/oder  in  welchem 
AusmaB  ein  Ventil  (52)  des  oder  jedes  der 
Einspritzer  (12)  offen  ist  und  zum  Schaffen  eines 
Signals,  von  dem  der  Betrag  des  in  die  Maschine 
eingespritzten  Brennstoffs  bestimmt  werden 
kann,  um  das  riickgefiihrte  Signal  zu  bilden. 

6.  Maschine  nach  einem  der  Anspriiche  1  bis  3, 
wobei  die  Einspritzpumpe  (111)  eine  solche  ist, 
die  einen  kontinuierlichen  FluB  von 
Pilotdieselkraftstoff  erzeugt,  der  durch  eine 
standig  unter  Druck  gesetzte  Zufuhrleitung  (111a) 
zu  dem  Einspritzsystem  (112)  gefiihrt  wird,  und 
das  Einspritzsystem  (112)  ausgebildet  ist  zum 
Einspritzen  diskreter  Volumina  des 
Dieselkraftstoffs  in  jeden  der  Zylinder  der 
Maschine  (100)  von  der  Zufuhrleitung  (111a). 

7.  Maschine  nach  einem  der  Anspriiche  1  bis  4 
oder  Anspruch  6,  wobei  das  ruckgefiihrte  Signal 
von  einem  Pilotdieselkraftstoff- 
DifferenzialfluSmittel  (60,  61',  160,  161)  abgeleitet 
wird,  das  den  Unterschied  zwischen  dem  Betrag 
des  zu  dem  Einspritzsystem  (12;  112)  zugefiihrten 
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Pilotdieselkraftstoffs  und  der  Menge  des  von 
dem  Einspritzsystem  (12;  112)  riickgefuhrten 
Pilotdieselkraftstoffs  bestimmt,  um  ein  Signal  zu 
schaffen,  von  dem  die  Menge  des  in  die 
Maschine  (10;  100)  eingespritzten  Kraftstoffs 
bestimmt  werden  kann,  um  das  ruckgefuhrte 
Signal  zu  schaffen. 

8.  Maschine  nach  einem  der  Anspruche  1  bis  4 
oder  Anspruch  6,  wobei  das  riickgefuhrte  Signal 
von  derTemperatur  des  Pilotkraftstoffs  abhangig 
ist. 

9.  Maschine  nach  einem  der  Anspruche  1  bis  4 
oder  Anspruch  6,  wobei  das  ruckgefuhrte  Signal 
von  der  von  der  Maschine  erzeugten  Kraft 
abhangig  ist. 

10.  Maschine  nach  einem  der  vorangehenden 
Anspruche,  wobei  die  Maschine  (10;  100)  mit 
einem  Brennstoffsteuersystem  versehen  ist,  mit 
einem  Stromungssteuermittel  (8';  108'),  das 
eingerichtet  ist  zur  Steuerung  der 
Relativverhaltnisse  jedes  der  zu  der  Maschine 
(10,  100)  zugefiihrten  Kraftstoffe,  wobei  das 
System  Mittel  (1\  2',  101',  102')  aufweist,  um  ein 
Fehlersignal  zu  schaffen,  das  von  der 
Maschinengeschwindigkeit  und  der 
Drosselposition  abgeleitet  ist,  und  auf  das 
Fehlersignal  ansprechende  Mittel  zur  Zufuhr  des 
Dieselkraftstoffs  und  des  gasformigen  Kraftstoffs 
zurVerursachung  einer 
Maschinengeschwindigkeit  in  Richtung  auf  die 
durch  die  Position  der  Drossel  verlangte  Position, 
und  wobei  die  Steuermittel  (8';  108')  ein 
elektronisches  Signalverarbeitungsmittel 
aufweisen  mit  einem  programmierten 
Steueralgorithmus  (10'),  in  dem  die  Differenz 
zwischen  der  Drosselposition  und  der 
Maschinengeschwindigkeit  berechnet  und  als 
Fuhlersignal  verwendet  wird. 

108')  etant  adapte  pour  ajuster  I'alimentation  en 
carburant  pilote  pour  correspondre  a  celle  qui  est 
signalee  par  la  premiere  entree. 

2.  Moteur  a  allumage  par  compression  a  double 
5  carburant  selon  la  revendication  1,  dans  lequel  le 

systeme  d'alimentation  en  carburant  diesel 
comprend  une  pompe  a  injection  (11)  munie  d'un 
regulateur  et  le  moyen  de  commande  (8r) 
commande  la  quantite  de  carburant  diesel 

10  injectee  par  la  pompe  dans  le  moteur,  et  qui 
comprend  un  moyen  (13')  pour  arreter  le 
mouvement  d'un  element  de  commande  (11§)  de 
la  pompe  (11)  dans  la  direction  qui  augmente 
I'aiimentation  en  carburant  diesel  du  moteur  (10) 

15  afin  d'alimenter  en  carburant  pilote  le  moteur 
avec  un  debit  constant,  ou  sensiblement 
constant. 

3.  Moteur  selon  la  revendication  1  ou  2,  dans 
lequel  ledit  au  moins  un  parametre  de 

20  fonctionnement  comprend  la  position  de  la 
commande  de  vitesse  du  moteur  et/ou  a  la 
vitesse  du  moteur. 

4.  Moteur  selon  I'une  quelconque  des 
revendications  precedentes  dans  lequel  la  pompe 

25  a  injection  (11)  est  du  type  qui  pompe  des 
volumes  discrets  de  carburant  en  direction  du 
systeme  d'injecteurs. 

5.  Moteur  selon  la  revendication  4,  dans  lequel 
le  signal  de  contre-reaction  provient 

30  a)  d'une  jauge  de  contrainte  (39)  qui  determine 
la  pression  du  carburant  diesel  dans  une  conduite 
d'alimentation  (PI)  provenant  de  la  pompe  a 
injection  (11),  un  moyen  (10')  etant  prevu  pour 
etablir  les  correlations  entre  la  pression  et  la 

35  quantite  de  carburant  injectee  dans  le  moteur 
(10)  par  la  pompe  a  injection  (11),  ou 

b)  d'un  ou  plusieurs  des  injecteurs  (12)  grace 
auxquels  le  carburant  est  injecte  dans  le  moteur 
(10)  qui  est  equipe  d'un  accelerometre  (40)  pour 

40  detecter  I'ouverture  et/ou  la  fermeture  de 
I'injecteur  (12)  et  pour  delivrer  un  signal  a  partir 
duquel  la  quantite  de  carburant  injectee  dans  le 
moteur  (10)  peut  etre  determinee  pour  etablir 
ledit  signal  de  contre-reaction,  ou 

45  c)  d'un  ou  plusieurs  des  injecteurs  (12)  au 
moyen  desquels  le  carburant  diesel  pilote  est 
injecte  dans  le  moteur  (10)  qui  est  equipe  de 
moyens  (51)  pour  detecter  a  quel  moment  et/ou 
dans  quelle  mesure  une  valve  (52)  du  ou  de 

50  chaque  injecteur  (12)  est  ouverte  et  pour  delivrer 
un  signal  a  partir  duquel  la  quantite  du  carburant 
injectee  dans  le  moteur  peut  etre  determinee 
pour  etablir  ledit  signal  de  contre-reaction. 

6.  Moteur  selon  I'une  quelconque  des 
55  revendications  1  a  3,  dans  lequel  la  pompe  a 

injection  (111)  est  du  type  qui  delivre  un 
ecoulement  continu  de  carburant  diesel  pilote  qui 
est  applique  par  une  conduite  d'alimentation 
pressurisee  en  permanence  (111a)  au  systeme 

60  d'injecteurs  (112)  et  le  systeme  d'injecteurs  (112) 
etant  agence  pour  injecter  des  volumes  discrets 
de  carburant  diesel  pilote  dans  le  ou  dans  chaque 
cylindre  du  moteur  (100)  a  partir  de  ladite 
conduite  d'alimentation  (111a). 

65  7.  Moteur  selon  I'une  quelconque  des 

9 

Claims 

1.  Moteur  a  allumage  par  compression  a  double 
carburant  (10;  100)  comprenant  un  systeme 
d'alimentation  en  carburant  gazeux  (20  -  25)  pour 
le  moteur,  un  systeme  d'alimentation  en 
carburant  diesel  (11  -  16a  ;  111  -  116)  pour  le 
moteur  comprenant  une  pompe  a  injection  (11; 
111)  et  un  systeme  d'injecteurs  (12;  112),  un 
moyen  de  commande  (8';  108')  pour  commander 
la  quantite  du  carburant  diesel  pilote  injectee 
dans  le  moteur  (10;  100),  un  premier  moyen  (V; 
101')  pour  appliquer  une  premiere  entree  au 
moyen  de  commande  (8';  108')  pour  forcer  le 
moyen  de  commande  (8';  108')  a  alimenter  le 
moteur  en  carburant  pilote  avec  un  debit 
predetermine  en  fonction  d'au  moins  un 
parametre  de  fonctionnement  du  moteur, 
caracterise  par  le  fait  qu'il  comprend  un  second 
moyen  (G  ;  160,  161)  pour  appliquer  une  seconde 
entree  audit  moyen  de  commande  (8';  108')  a 
partir  d'un  signal  de  contre-reaction  indiquant  la 
quantite  de  carburant  diesel  pilote  injectee  dans 
le  moteur  (10;  100)  et  le  moyen  de  commande  (8'; 
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revendications  1  a  4  ou  selon  la  revendication  6, 
dans  lequel  le  signal  de  contre-reaction  provient 
d'un  moyen  de  circulation  differentielle  du 
carburant  diesel  pilote  (60,  61  ;  160;  161)  qui 
determine  la  difference  entre  la  quantite  de  5 
carburant  diesel  pilote  appliquee  au  systeme 
d'injecteurs  (12;  112)  et  la  quantite  de  carburant 
diesel  pilote  renvoyee  depuis  le  systeme 
d'injecteurs  (12;  112)  pourfournir  un  signal  a 
partir  duquel  la  quantite  de  carburant  injectee  10 
dans  le  moteur  (10;  100)  peut  etre  determinee 
pour  etablir  iedit  signal  de  contre-reaction. 

8.  Moteur  selon  I'une  quelconque  des 
revendications  1  a  4  ou  selon  la  revendication  6, 
dans  lequel  le  signal  de  contre-reaction  depend  15 
de  la  temperature  du  carburant  pilote. 

9.  Moteur  selon  I'une  quelconque  des 
revendications  1  a  4  ou  selon  la  revendication  6, 
dans  lequel  le  signal  de  contre-reaction  depend 
de  la  puissance  developpee  par  le  moteur.  20 

10.  Moteur  selon  I'une  quelconque  des 
revendications  precedentes,  dans  lequel  le 
moteur  (10;  100)  est  equipe  d'un  systeme  de 
commande  de  carburant  comprenant  des  moyens 
de  commande  de  circulation  (8';  108')  concus  25 
pour  commander  les  proportions  relatives  de 
chacun  des  carburant  alimentant  le  moteur  (10; 
100)  dans  lequel  le  systeme  comprend  des 
moyens  (V,  2';  101';  102')  pour  etablir  un  signal 
d'erreur  provenant  de  la  vitesse  du  moteur  et  de  30 
la  position  du  papillon  de  gaz  et  un  moyen  qui 
repond  au  signal  d'erreur  pour  alimenter  le 
moteur  en  carburants  diesel  et  gazeux  pour  que 
la  vitesse  du  moteur  tende  vers  la  vitesse 
demandee  par  la  position  du  papillon  de  gaz  et  le  35 
moyen  de  commande  (8';  108')  comprend  un 
moyen  electronique  de  traitement  du  signal 
utilisant  un  algorithme  de  commande 
programmee  (10')  dans  leque  la  difference  entre 
la  position  du  papillon  de  gaz  registre  et  la  40 
vitesse  du  moteur  est  calculee  et  utilisee  comme 
signal  d'erreur. 
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