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have  been  presented  fully  in  patents  and  other 
technical  publications. 

In  such  mechanically  governed  engine  systems 
using  a  turbocharger  for  the  engine,  the  above- 

5  described  objectionable  phenomenon  of  smoke 
puffs  also  existed  unless  special  measures  were 
taken  to  prevent  it.  These  puffs  occur  when  the  air 
charge  supplied  to  the  cylinders  of  the  diesel 
engine  is  insufficient  to  accomplish  complete 

10  combustion  of  the  amount  of  fuel  injected  into  the 
engine  cylinders  at  that  time.  In  a  turbocharged 
engine,  under  steady-state  operating  conditions 
quite  high  injected  fuel  levels  can  be  used  without 
smoke  production  because  the  turbocharger 

15  injects  compressed  air  into  the  cylinders;  the 
compressed  air  contains  a  higher  concentration 
of  oxygen  molecules  than  ordinary  air  at  atmos- 
pheric  pressure,  and  is  therefore  able  to  provide 
for  the  desired  complete  combustion  of  the  fuel 

20  under  steady-state  conditions.  The  air  com- 
pressor  of  the  turbocharger  is  typically  driven 
directly  from  a  small  turbine  in  the  engine 
exhaust  line,  and  the  speed  of  the  turbine 
increases  with  the  kinetic  energy  of  the  exhaust 

25  gas  flow  and  hence  with  the  load  on  the  engine 
and,  to  some  extent,  with  increases  in  the  speed 
of  the  engine.  The  turbine  typically  drives  the  air 
compressor  in  the  turbocharger  directly  in  such 
manner  that,  under  steady-state  operating  con- 

30  ditions  of  the  engine,  the  large  amount  of  fuel 
delivered  to  the  engine  under  full  load  conditions 
is  combusted  sufficiently  fully  to  avoid  objection- 
able  smoking;  this  is  because  the  exhaust  gases 
are  then  of  high  kinetic  energy,  operate  the 

35  turbocharger  turbine  at  a  high  rate,  and  cause  the 
compressor  in  the  turbocharger  to  produce  air 
sufficiently  pressurized  to  provide  the  desired 
complete  combustion.  Thus,  despite  high  levels 
of  fuel  delivered  to  the  engine,  the  turbocharger 

40  automatically  delivers  enough  air  to  the  engine  to 
assure  the  desired  lean  mixture  for  which 
objectionable  smoking  does  not  occur. 

If  the  mechanical  governor  and  the 
turbocharger  could  respond  and  act  entirely 

45  instantaneously,  there  would  always  be  sufficient 
air  to  completely  burn  the  fuel  in  the  engine,  and 
smoking  would  never  occur.  Unfortunately,  the 
system  is  not  capable  of  such  instantaneous 
action,  and  there  is  always  some  lag  between  the 

so  time  when  a  sudden  increase  in  fuel  occurs  and 
the  time  when  the  air  charge  to  the  engine 
cylinders  has  been  increased  to  the  level  required 
to  burn  the  increased  amount  of  fuel  completely. 
Accordingly,  while  the  air  charge  is  "catching  up" 

55  to  the  fuel  increase,  there  will  be  a  momentary 
deficiency  of  air  with  resultant  smoke.  Such  air 
deficiencies  and  smoke  can  occur  when  the 
operator  control  calls  for  a  sudden  increase  in  fuel 
in  order  to  accelerate  the  vehicle  from  a  low 

60  speed.  It  also  typically  occurs  during  shifting  of 
gears,  at  which  time  declutching  of  the  engine 
from  the  load  throws  the  engine  into  a  no-load 
condition  at  the  same  time  that  the  operator 
permits  the  engine  speed  to  decrease;  this  greatly 

65  reduces  the  energy  of  the  exhaust  gases,  slows 

Description 

This  invention  relates  to  improvements  in 
systems  and  methods  for  the  control  of  the  fuel 
supply  for  diesel  engines,  and  particularly  to  such 
control  systems  which  are  primarily  electrical  in 
nature.  Electrical  control  systems  of  this  class  are 
commonly  known  as  electrical  governors,  and  in 
the  preferred  embodiment  of  the  invention 
described  herein  in  which  the  principal  element  of 
the  governor  is  a  microprocessor,  are  commonly 
designated  as  microprocessor  governors. 

More  particularly,  the  invention  concerns  itself 
in  one  primary  aspect  with  the  prevention  or 
minimizing  of  puffs  of  smoke  which  tend  to  be 
produced  transiently  when  the  fuel  to  a 
turbocharged  diesel  engine  is  suddenly  and 
rapidly  increased.  Such  puffs  of  smoke,  although 
generally  appearing  only  monentarily,  are 
nevertheless  objectionable  because  of  the  high 
visibility  of  their  rather  slight  contamination  of  the 
environment,  and  to  some  extent  because  they 
may  be  seen  as  indicative  of  some  wastage  of 
fuel.  Further,  the  intensity  of  the  smoke,  i.e.  its 
visual  opacity  is  limited  by  law. 

The  type  of  engine  system  with  regard  to  which 
the  invention  will  be  specifically  described,  and  to 
which  it  is  particularly  applicable,  comprises  a 
turbocharged  diesel  engine  for  operating  a  load,  a 
fuel  injection  pump  for  delivering  timed,  metered 
quantities  of  diesel  fuel  to  the  cylinders  of  the 
engine  in  timed  succession,  an  operator-con- 
trolled  throttle  control,  such  as  a  foot  throttle,  and 
an  electrical  governor  which  controls  the  position 
of  the  fuel  control  rack  in  the  fuel  injection  pump 
to  determine  the  quantity  of  fuel  delivered  to  each 
engine  cylinder  during  each  cycle  of  the  engine. 
An  engine  system  of  this  type  is  for  example, 
particularly  suited  for  use  in  automotive  vehicles 
such  as  large  trucks. 

In  the  past,  mechanical  governors  have 
commonly  been  used  to  control  the  supply  of  fuel 
to  diesel  engines.  In  such  use  the  governor  is 
commonly  known  as  a  variable  speed  governor  in 
that  it  permits  wide  variation  of  the  speed  of  the 
engine  in  response  to  operation  of  the  operator's 
control  throttle.  At  the  same  time,  the  governor 
typically  also  provides  a  number  of  limits  on  the 
rate  at  which  fuel  can  be  delivered  to  the  engine  at 
various  engine  speeds.  One  such  typical  limit  is 
provided  by  the  so-called  low-idle  control,  which 
prevents  the  engine  speed  from  falling  below  a 
level  which  might  produce  stalling  of  the  engine; 
there  is  typically  also  employed  a  high-speed  limit 
which  limits  the  fuel  delivery  rate  if  the  engine 
speed  tends  to  exceed  a  predetermined  maxi- 
mum  value,  to  protect  the  engine  from  the  harm 
which  would  result  from  excessively  high-speed 
operation;  further,  within  the  speed  range 
between  the  low-idle  limit  and  the  high-speed 
limit,  there  is  typically  provided  a  so-called  torque 
limit  of  fuel  which  prevents  over-fueling  of  the 
engine  in  the  intermediate  range  of  engine 
speeds.  The  construction  and  the  operation  of 
such  mechanical  governors  are  well  known  and 
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delivery  rates  too  quickly,  with  resultant  undesir- 
ably  high  smoke  levels  in  the  puff;  or,  it  can  be 
made  so  that  the  torque  plate  is  relatively  hard  to 
move  so  that  such  undesirably  high  levels  of 

5  smoke  in  the  puff  are  prevented,  but  the  time 
required  for  the  fuel  to  resume  its  higher  steady- 
state  rate  will  then  be  unduly  prolonged. 

In  recent  years  it  has  been  proposed  that  the 
fuel,  air  and  even  the  timing  of  a  turbocharged 

10  diesel  engine  be  controlled  electrically  rather  than 
mechanically.  In  such  an  arrangement,  various 
significant  parameters  of  engine  operation  are 
sensed,  converted  to  electrical  signals,  and  sup- 
plied  to  an  electrical  control  system  which 

15  operates  on  the  received  sensor  signals  to  pro- 
duce  output  control  signals  for  controlling  the 
major  engine  operating  parameters.  Whiie  in 
general  this  can  be  done  using  discrete  analog 
electrical  components,  it  is  presently  preferred  to 

20  do  this  by  means  of  digital  circuitry,  preferably 
greatly  miniaturized,  as  in  a  so-called  micro- 
processor.  The  microprocessor  normally  com- 
prises  small  integrated-circuit  semi-conductor 
chips  especially  designed  for  the  particular 

25  application,  and  can  be  made  very  small  and  can 
be  mounted  at  any  convenient  location  adjacent 
the  engine.  Typically,  in  such  a  system  a  sensor 
may  be  provided  to  produce  an  electrical  signal 
indicative  of  the  operator's  instantaneous  setting 

30  of  the  throttle  control  by  which  he  indicates  the 
level  of  engine  fuel  which  he  wishes  to  produce, 
as  by  sensing  the  position  of  the  operator's  foot- 
throttle  linkage.  Electrical  signals  indicative  of 
engine  speed  are  readily  obtained  by  providing  a 

35  small  magnetic  sensing  or  pick-up  device  posi- 
tioned  adjacent  the  teeth  of  a  gear  rotating  with 
the  engine  drive  shaft,  and  counting  the  number 
of  pulses  generated  per  second  by  conventional 
electronic  means.  In  such  case  the  usual  arrange- 

40  ment  of  mechanical  governor  with  fly  weights, 
adjustable  fulcrum  lever  and  torque-limiting  stop 
plate  may  be  entirely  eliminated,  and  the  position 
of  the  rack  which  controls  the  rate  of  fuel  delivery 
by  the  fuel  injection  pump  controlled  entirely  by 

45  the  electrical  control  system,  which  may  then  be 
termed  an  electrical  governor  since  it  supplies 
functions  of  the  earlier  mechanical  governor. 

In  such  an  electrical  governor  system  it  would 
be  possible  to  sense  the  engine  intake  manifold 

50  pressure  produced  by  the  turbocharger  by  means 
of  an  appropriate  pressure-sensing  device  in  the 
manifold.  The  pressure  thereby  sensed  could  be 
converted  to  an  electrical  signal  and  supplied  to 
the  electrical  governor  system,  and  the  latter 

55  pressure-representing  signal  could  then  be  used 
to  limit  the  amount  of  fuel  supplied  to  the  engine 
to  a  level  which  does  not  produce  objectionable 
smoke. 

A  drawback  of  the  latter  arrangement  lies  in  the 
so  cost  of  providing  an  appropriate  sensor  which 

would  operate  with  accuracy  in  the  environment 
of  the  engine  intake  manifold,  and  mounted  so  as 
to  be  easily  replaceable.  Further,  even  a  relatively 
costly  sensor  can  be  expected  to  fail  prematurely 

65  on  occasions,  and  even  if  it  does  not  do  so  it  can 

down  the  turbine,  slows  down  the  compressor, 
and  greatly  reduces  the  air  charge  into  the  engine. 
When  the  operator  reengages  the  clutch  and 
applies  power  through  his  throttle  control,  the 
resultant  large  and  sudden  increase  in  fuel  to  the 
engine  is  not  immediately  accompanied  by  suffi- 
cient  delivery  of  air  charged  to  the  engine,  and 
objectionable  smoke  momentarily  appears  from 
the  exhaust  until  the  increased  exhaust  energy 
can  bring  the  turbocharger  up  to  the  speed 
required  for  complete  fuel  combustion. 

Puff  control  devices  have  been  proposed  for 
use  in  mechanical  governors  to  eliminate  or 
minimize  the  generation  of  smoke  puffs  described 
above.  Without  describing  the  make-up  of  such 
mechanical  governors  and  their  puff  control 
devices  in  detail,  it  is  sufficient  for  the  present 
purposes  to  mention  that  such  mechanical  gover- 
nors  typically  include  a  torque  plate  which  limits 
the  extent  to  which  the  fuel  pump  rack  can  move 
in  the  fuel-increasing  direction  under  full  load 
conditions.  To  minimize  the  production  of  smoke 
puffs,  it  is  possible  to  mount  the  torque  plate  for 
reciprocating  motion,  spring  bias  it  in  the  direc- 
tion  which  results  in  reduced  fuel  delivery,  and 
provide  a  diaphragm  and  piston  arrangement 
connected  to  the  torque-plate  supporting  shaft 
and  supplied  on  one  side  with  pressurized  air  at 
the  same  pressure  as  that  supplied  to  the  engine 
intake  manifold  from  the  turbocharger.  The 
arrangement  is  such  that  when  the  manifold  air 
pressure  is  high  the  torque  plate  will  be  moved 
against  the  spring  bias  to  permit  a  high  level  of 
maximum  fuel  delivery;  however,  should  the 
manifold  air  pressure  be  unusually  low  when  the 
fuel  delivery  rate  is  high,  the  spring  will  advance 
the  torque  plate  in  the  fuel-decreasing  direction 
and  limit  the  fuel  delivery  to  a  level  which  will 
avoid  generating  smoke  puffs. 

The  latter  mechanical  system  has  at  least 
several  limitations.  The  primary  problem  is  that 
the  system  generally  does  not  hold  the  maximum 
fuel  rate  just  below  the  smoke  level  while  the 
turbocharger  is  accelerating  during  the  puff 
generating  interval,  as  would  be  desired  for  maxi- 
mum  efficiency.  That  is,  the  movement  of  the 
torque  plate  does  not  accurately  track  the 
pressure-recovery  curve  of  the  turbocharger. 
Typically,  the  torque  plate  will  stay  at  its  steady- 
state  position  without  substantial  movement  by 
the  puff  control  system  until  a  very  substantial 
deficiency  of  turbocharger  air  pressure  has 
accumulated,  and  then  will  move  quite  rapidly  to, 
or  very  nearly  to,  its  extreme  low  fuel  position. 
Once,  there,  it  tends  to  remain  there  until  the 
turbocharger  has  recovered  speed  sufficiently  to 
produce  a  very  substantial  air  pressure  increase, 
and  then  moves  rapidly  to,  or  close  to,  its  maxi- 
mum  fuel  position  again.  As  a  result,  one  can 
design  such  system  in  either  of  two  general  ways, 
neither  of  which  is  completely  satisfactory;  it  can 
be  designed  so  that  the  torque  plate  moves 
readily  and  easily  between  its  two  extreme  posi- 
tions  in  response  to  small  pressure  changes,  in 
which  case  it  will  permit  reapplication  of  high  fuel 
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In  this  system  there  is  shown  a  diesel  engine  10 
which  may  be  of  a  type  suitable  for  use  in  large 
high-way  trucks.  In  this  example  the  engine  may 
be  a  6-cylinder  turbocharged  diesel  engine  such 

5  as  the  type  EG-350  engine  made  by  Mack  Truck 
Co.  It  has  the  usual  intake  manifold  12  for 
supplying  air  to  the  several  cylinders,  an  air  intake 
line  14  and  exhaust  line  16.  The  air  inlet  line  and 
the  exhaust  line  pass  through  a  turbocharger  18, 

w  which  contains  and  exhaust-driven  rotary  turbine 
20  in  the  exhaust  line  16,  a  centrifugal-type  air 
compressor  22  in  the  air  inlet  line,  and  a  shaft  24 
by  means  of  which  the  turbine  drives  the  com- 
pressor.  Turbocharger  18  may,  for  example,  be  a 

15  type  TV  7701  turbocharger  such  as  is  commonly 
supplied  by  Airesearch  Co.  for  use  with  the 
above-identified  diesel  engine,  and  is  mounted 
thereto  in  conventional  manner. 

In  this  example,  fuel  for  the  diesel  engine  is 
20  supplied  in  appropriately  metered  and  timed 

quantities  from  an  appropriate  diesel  fuel  source 
by  means  of  conventional  fuel  injection  pump  28, 
such  as  the  Model  300  fuel  injection  pump  made 
by  the  American  Bosch  Division  of  Ambac  Indus- 

25  tries  Inc.  of  Springfield,  Massachusetts.  The  fuel 
injection  pump  28  has  a  plurality  of  fuel  outlet 
lines  for  supplying  the  fuel  to  the  injection  nozzles 
of  the  diesel  engine;  in  this  case,  there  are  six 
such  lines  numbered  30  thru  40,  one  for  each  of 

30  the  engine  cylinders.  The  pump  is  driven  by  the 
engine  drive  shaft  44  by  way  of  appropriate  gears 
46  and  48,  and  includes  a  fuel  control  rack  50,  the 
horizontal  position  of  which  determines  the  quan- 
tity  of  fuel  metered  to  each  cylinder  of  the  engine 

35  during  each  engine  cycle.  The  position  Z  of  the 
rack  is  therefore  directly  proportional  to  the  fuel- 
delivery  rate,  and  the  two  functions  Z  and  Fde,  will 
be  used  interchangeably  herein. 

The  engine  drive  shaft  also  extends  to  a  con- 
40  ventional  gear  box  54,  the  output  shaft  56  of 

which  operates  the  load,  in  this  case  the  driving 
wheels  of  the  truck.  The  gear  box  in  this  case  is 
assumed  to  be  of  the  conventional  manually 
operable  type  which  the  vehicle  operator 

45  operates  by  means  of  a  shift  lever  and  a  clutch,  in 
the  usual  way.  Also  shown  is  a  foot  throttle  58, 
which  the  operator  of  the  vehicle  depresses  in  the 
usual  way  to  indicate  the  desire  for  a  higher  rate 
of  fuel  delivery  to  the  engine. 

so  The  portion  of  the  system  described  above  may 
be  entirely  conventional.  However,  the  usual 
mechanical  governor  for  the  fuel  injection  pump 
is  omitted,  and  in  place  thereof  there  is  employed 
the  electrical  governor  60,  by  means  of  which  the 

55  position  of  the  fuel  rack  50  is  determined,  through 
the  rack  drive  62.  The  foot  throttle  58,  rather  than 
being  mechanically  connected  to  the  fuel  injec- 
tion  pump  28,  is  connected  through  mechanical 
linkage  68  to  the  mechanical-to-electrical  trans- 

60  ducer  arrangement  70,  which  in  effect  senses  the 
position  of  the  foot  throttle  and  produces  an 
electrical  signal  on  line  72  proportional  to  the  foot 
throttle  position.  In  this  example  this  may  be  done 
by  means  of  an  arm  74  pivoted  at  76  and  having  a 

65  contacter  78  which  rotates  with  the  arm  so  as  to 

be  expected  to  have  some  limited  life,  ultimately 
requiring  the  cost  of  a  replacement  sensor.  In 
addition,  it  can  be  expected  that  such  a  sensor 
may  on  occasions  deteriorate  gradually  over  a 
period  of  time  during  which  it  is  not  entirely 
inoperative  but  instead  provides  inaccurate  infor- 
mation  as  to  pressure,  a  situation  which  may  be 
difficult  to  diagnose  from  overall  engine  oper- 
ation,  and  will  generally  require  a  decision  as  to 
when  it  has  deteriorated  to  the  point  where  it 
should  be  replaced,  leaving  the  possibility  of 
unsatisfactory  operation  over  a  period  of  time 
with  excessive  generation  of  objectionable  puffs 
until  replacement  is  finally  made. 

US—  A—  4  223  654  discloses  a  smoke  control 
apparatus  according  to  the  preamble  of  claim  1, 
but  which  includes  pressure  sensing  means. 

The  object  of  the  invention  is  to  obviate  the 
drawbacks  of  such  pressure  sensing  means  in 
smoke  control  apparatus. 

This  object  is  achieved  by  means  of  the  features 
recited  in  the  characterizing  part  of  claim  1. 
Embodiments  of  the  invention  are  claimed  in  the 
sub-claims. 

Brief  description  of  figures 
These  and  other  objects  and  features  of  the 

invention  will  be  more  readily  understood  from  a 
consideration  of  the  following  detailed  descrip- 
tion,  taken  in  connection  with  the  accompanying 
drawings,  in  which: 

Figure  1  is  a  schematic  block  diagram  illustrat- 
ing  an  electrically  controlled  turbocharged  diesel 
engine  system  in  which  the  present  invention 
may  be  used; 

Figure  2  is  a  graphical  representation  showing, 
at  positions  A  through  H  respectively,  in  idealized 
form,  graphical  plots  of  the  following  quantities 
against  a  common  time  scale:  engine  load  L, 
position  of  foot  throttle  Fn,  engine  speed  S,  intake 
manifold  pressure  P,  delivered  fuel  Fdei,  the 
smoke  limit  value  od  fuel  Fsl,  the  smoke  opacity, 
and  the  value  T(s,  z)  of  the  target  fuel  limit; 

Figure  3  is  a  more  detailed  block  diagram  of  one 
form  for  the  electronic  governor  shown  in  Figure 
1; 

Figure  4  is  a  table  of  typical  stored  values  which 
may  be  stored  in  the  memory  of  the  electronic 
governor; 

Figure  5  is  a  schematic  block  diagram  illustrat- 
ing  a  typical  analog  system  according  to  the 
invention; 

Figure  6  is  a  schematic  drawing  showing  details 
of  one  form  of  rack  drive  arrangement  suitable  for 
use  in  the  system;  and 

Figure  7  is  a  set  of  graphs  showing  various  fuel 
limit  characteristics  as  a  function  of  engine-speed. 

Detailed  description  of  specific  embodiments 
Referring  to  the  embodiment  of  the  invention 

shown  in  the  drawings  by  way  of  example  only 
and  without  thereby  in  anyway  limiting  the  scope 
of  the  invention.  Figure  1  shows  schematically  a 
diesel  engine  system  to  which  the  present  inven- 
tion  may  be  advantageously  applied. 
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speed-representing  signal  on  lead  96  is  supplied 
as  an  input  to  puff  control  memory  100. 

Puff  control  memory  100  is  also  supplied  with  a 
digital  signal  Z  over  line  102.  Signal  Z  represents 
thetotal  pulse  count  accumulated  in  a  counter  104, 
which  accumulates  a  count  indicative  of  the 
number  of  steps  by  which  the  stepping  motor 
actuator  105  has  displaced  the  rack  50  from  a 
reference  position  thereof,  as  will  be  described 
more  fully  hereinafter. 

Puff  control  memory  100  stores  two  functions 
characteristic  of  the  engine  and  turbocharger 
combination  being  controlled,  namely  A(s)  and 
T(s,  z).  The  manner  in  which  these  functions  are 
determined  for  a  particular  type  of  engine  and 
turbocharger,  and  placed  in  the  memory,  will  be 
described  below.  For  the  present  it  will  be 
assumed  that  such  storage  has  previously  been 
effected,  and  for  any  value  of  S  on  input  lead  96, 
memory  100  will  deliver  on  its  output  lead  106  a 
signal  representative  of  the  corresponding  value 
of  the  function  A(s);  and,  in  response  to  the  speed- 
representing  signals  on  lead  96  and  the  rack 
position  signal  Z  on  input  lead  1  02,  will  produce  on 
its  output  lead  108  an  electrical  signal  representing 
the  corresponding  value  of  the  function  T(s,  z). 

The  latter  two  signals  are  supplied  to  a  substrac- 
ter  and  multiplier  110,  which  is  also  supplied  by 
way  of  lead  112  with  a  signal  representing  Fs,,  the 
fuel  limit  to  be  used  to  control  maximum  fuel 
during  the  puff  generating  intervals.  Subtracter 
and  multiplier  110  respond  to  these  inputs  to 
product  on  its  output  line  114  a  signal  representing 
the  function  A(s)  [T(s,  z)-Fs]],  which  function  is 
equal  to  dFsl/dt.  In  the  present  form  of  the  inven- 
tion,  the  calculation  of  dFs,/dt  is  made  at  periodi- 
cally  recurrent  intervals,  for  example  200  times/ 
second.  To  control  the  timing  of  this  operation  and 
other  operations  in  the  system,  there  is  provided  a 
conventional  clock  generator  118  for  producing 
timing  pulses  at  the  basic  bit  rate  for  the  system, 
typically  133  kilohertz,  and  a  timer  120  syn- 
chronized  by  the  output  of  the  clock  generator  for 
producing  a  200  hertz  timing  signal,  as  well  as  a  .01 
hertz  timing  signal  used  for  other  purposes  to  be 
described.  In  the  interest  of  clarity,  the  connections 
from  the  clock  generator  and  timer  to  each  of  the 
various  elements  of  the  system  are  not  specifically 
shown. 

The  successive  computed  values  of  dFs,/dt  are 
suppplied  to  a  digital  algebraic  summer  120  which 
computes  the  cumulative  sum  of  the  successive 
values  of  dFS|/dt  supplied  thereto,  with  appropriate 
regard  to  sign,  to  produce  on  its  output  lead  122  a 
signal  representing  Fs!,  the  desired  fuel  limit  for 
controlling  puffs.  The  summer  120  therefore 
serves  as  a  discrete  digital  integrator,  to  produce 
the  desired  signal  Fs!  from  its  time-derivative. 

It  is  noted  that  it  is  this  computed  signal  Fs,  which 
is  also  supplied  over  lead  1  1  2  as  one  input  to  the 
subtracter  and  multiplier  110,  for  the  purpose  of 
generating  the  next  value  of  dFs,/dt. 

The  signal  Fsl  on  lead  122  is  supplied  to  fuel 
control  logic  126,  which  is  also  provided  with  the 
speed-representing  signal  S  over  line  128.  Other 

contact  resistive  element  80  at  different  corre- 
sponding  positions  depending  upon  the  position 
of  the  foot  throttle.  By  applying  an  appropriate 
voltage  across  the  resistive  element,  the  rotating 
contacter  and  line  72  are  provided  with  the  desired  5 
voltage  indicative  of  foot  throttle  position.  Such 
devices  are  well  known  in  the  art,  and  may  be 
briefly  described  as  rotating  potentiometer 
devices. 

Another  mechanical-to-electrical  transducer  81  10 
is  positioned  adjacent  the  teeth  of  gear  46  to 
produce  on  line  82  an  electrical  signal  indicative 
the  instantaneous  phase  of  the  rotation  of  gear  46 
and  hence  the  phase  of  the  engine  drive  shaft  44. 
Typically  this  device  is  in  the  form  of  a  magnetic  15 
pick-up  which  produces  a  pulse  each  time  one  of 
the  teeth  of  gear  46  passes  near  it,  and  the  rate  of 
recurrence  of  these  pulses  is  therefore  indicative 
of  engine  speed  S. 

The  electrical  signal  on  line  72  therefore  20 
represents  the  fuel  level  Fft  demanded  by  the 
operator,  while  the  electrical  signal  ($)  on  line  82 
represents  the  engine  phase  and,  by  its  rate  of 
recurrence,  engine  speed;  both  of  the  latter  signals 
are  supplied  to  the  electrical  rack  controller  86  25 
which,  in  the  preferred  embodiment  now  to  be 
described,  constitutes  a  digital  microprocessor 
and  stepping  motor  arrangement  for  operating  the 
rack  drive  62  to  determine  the  position  of  the  rack 
50  and  hence  the  engine  fuel  supply  at  all  times.  30 

Figure  7  illustrates  the  type  of  fuel  control 
characteristics  which  the  electrical  governor  is  to 
produce  in  this  example.  In  Figure  7,  ordinates 
represent  fuel  delivered  to  the  engine  per  engine 
cycle  (Fdei),  and  hence  also  rack  position  Z,  and  35 
abscissae  represent  engine  speed  S.  Curve  A 
represents  a  desired  low-idle  fuel  limit  characteris- 
tic,  curve  B  represents  a  desired  steady-state 
maximum-fuel  limit,  curve  C  represents  a  high-idle 
fuel  limit  characteristic,  curve  D  represents  the  40 
usual  variable-speed  fuel-characteristic  produced 
by  the  operation  of  thefootthrottle,  and  curves  E,  F 
and  G  represent  approximately  several  of  the 
typical  shapes  and  positions  of  the  puff-control 
fuel  limit  which  controls  the  fuel  during  the  puff  45 
generating  intervals.  Curves  A,  B  and  C  are  not  of 
the  essence  of  the  present  invention,  and  may  be 
provided  conventionally  by  the  microprocessor. 
All  that  is  necessary  is  for  the  microprocessor 
memory  to  store  each  of  these  characteristics  in  50 
the  form  of  a  signal  representing  the  fuel  limit  for 
each  of  the  values  of  speed  covered  by  each  of 
these  characteristics.  As  will  be  described  latter 
herein,  appropriate  logic  circuitry  determines 
whether,  at  any  given  time,  the  position  of  fuel  rack  55 
50  is  controlled  by  one  or  another  of  the  steady- 
state  characteristics  A,  B,  C  or  D,  or  by  the  puff 
control  characteristics  such  as  E,  F,  G. 

Referring  now  to  Figure  3,  which  illustrates  in 
block  form  one  configuration  of  electrical  rack  60 
controller  86,  the  engine-phase  representing 
signal  on  lead  82  is  applied  to  a  digital  speed- 
signal  generator  90  which  may  be  a  conventional 
frequency-to-DC  converter  for  producing  a  speed- 
representative  signal  at  its  output  lead  92.  The  65 
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second,  stored  in  a  word  in  the  microprocessor 
memory.  The  microprocessor  program  may  use 
this  stored  position  as  needed  in  other  parts  of  the 
program,  as,  for  example,  when  the  target  fuel, 

5  T(S,  Z),  is  formed. 
Referring  to  Figure  6,  in  the  embodiment  illus- 

trated  the  stepping  motor  actuator  105  controls 
the  position  of  the  rack  50  through  a  link  200,  a 
pivoted  arm  202  and  a  reciprocable  drive  arm  206. 

10  Arm  202  is  pivotably  mounted  on  pivot  208  so 
that  clockwise  rotation  of  arm  202  increases  the 
fuel  delivery  to  the  engine.  The  horizontal  posi- 
tion  of  drive  arm  206  is  controlled  by  the  stepping 
motor  actuator  106,  and  is  pivotably  connected  to 

15  rotate  pivot  arm  202  about  pivot  208  and  thus 
determine  the  horizontal  position  of  link  200  and 
thus  the  fuel  delivery.  A  reference  stop  230  is  also 
provided  against  the  upper  end  of  arm  202  to 
arrest  its  movement  at  a  predetermined  clockwise 

20  position  and  hence  limit  the  minimum  fuel  deliv- 
ery  to  a  predetermined  low  level.  An  emergency 
shut-off  holding  electromagnet  240  is  preferably 
also  provided,  which  when  actuated  by  electrical 
current  through  it  attracts,  and  holds  against  the 

25  magnet,  an  armature  244.  Armature  244  is 
secured  to  pivot  208,  so  that  in  normal  operation 
pivot  208  is  in  the  normal  position  shown.  In 
addition,  a  spring  248  is  secured  at  one  end  to 
pivot  208  and  at  the  other  to  a  fixed  support  250, 

30  so  as  to  bias  the  pivot  208  away  from  holding 
magnet  240  with  a  force  which  is  sufficient  to 
move  pivot  208  aVvay  from  the  magnet  only  if  the 
current  through  the  magnet  coils  terminates.  The 
current  through  the  magnet  coils  is  provided  from 

35  the  same  source  which  supplies  the  governor 
current,  so  that  if  the  electric  governor  should 
lose  power,  the  electromagnet  will  release  arma- 
ture  244  and  permit  spring  248  to  move  pivot  208 
to  the  right  and  thus  .  pivot  arm  202  cpunter- 

40  clockwise  about  the  pivot  connection  260  of  drive 
arm  206,  until  the  top  of  arm  202  is  arrested  by 
reference  stop  230.  In  this  way  the  rack  50  is  set  at 
a  predetermined  low-fuel  position  should  power 
to  the  electric  governor  be  lost. 

45  When  the  power  is  removed  from  the  electric 
governor,  the  stored  electrical  information 
representing  the  stepping  motor's  position  is  lost. 
When  power  is  restored,  the  number  in  the  stored 
motor-position  word  may  have  any  value.  It  is 

so  therefore  desirable  to  positively  locate  the  step- 
per  motor  by  registering  it  at  one  end  of  its  stroke. 
Stop  230  is  arranged  such  that  when  the  stepper 
motor  tries  to  move  past  this  point,  it  is  restrained 
from  further  motion.  If  the  microprocessor  sends 

55  pulses  to  the  stepper  motor  to  cause  it  to  move  in 
the  direction  of  the  mechanical  stop,  and  sends  as 
many  pulses  as  there  are  in  the  full  stroke  of  the 
motor,  the  program  is  assured  that  the  motor  is  at 
the  stop.  This  forms  an  initial  reference  from 

60  which  all  subsequent  motions  are  calculated. 
Since  the  stepping  motor  actuator  responds 

reliably  to  every  pulse,  the  motor  position  word 
stored  in  the  microprocesser  is  a  reliable  indica- 
tion  of  rack  position,  inferentially.  However,  if  the 

65  stepper  motor  did  not  respond  properly,  even 

inputs  to  the  fuel  control  logic  include  the  low-idle 
fuel  signal  FL  on  line  130,  the  high-idle  fuel  limit 
signal  FH  on  line  132  and  the  steady-state  torque 
limit  signal  FT  on  line  134,  all  produced  by 
generator  140.  The  generator  140  is  also  supplied 
with  the  speed-representing  signal  S  over  input 
lead  144,  and  by  storing  in  its  memory  the  proper 
values  of  FL,  FH,  FT  for  each  value  of  S,  readily 
provides  the  latter  three  output  signals  by  con- 
ventional  techniques. 

The  foot  throttle  signal  Fftfrom  throttle  position 
sensor  70  is  passed  through  analog-to-digital 
converter  148  and  over  line  150  to  the  fuel  control 
logic  126. 

Fuel  control  logic  126  determines  which  of  the 
signals  Fs,,  Ff,,  Ft  and  FH  is  the  smallest,  and  then 
compares  this  selected  signal  with  the  FL  signal  to 
select  which  of  the  latter  two  signals  is  the  larger. 
The  last-selected  larger  signal  is  then  compared 
with  the  Z  signal  supplied  over  line  162;  if  it  is 
larger  than  Z,the  output  signal  on  line  156  of  the 
fuel  control  logic  indicates  that  the  fuel  rack 
position  and  the  value  of  Z  should  be 
incremented;  if  it  is  smaller  than  the  value  of  Z,  it 
indicates  that  the  rack  position  should  be 
decremented;  and  if  it  is  the  same  as  Z  its  output 
signal  is  one  indicating  that  no  change  in  Z  should 
be  effected. 

The  latter  signal  comparisons  and  selections 
can  be  made  by  conventional  well-known  logic 
circuits  and  need  not  be  described  in  detail. 

The  output  signal  on  lead  156,  indicative  of 
whether  a  change  in  the  rack  position  is  to  be 
made,  and  if  so  in  which  direction,  is  applied  to 
stepping  motor  control  circuit  170  the  output  of 
which  is  supplied  to  bidirectional  stepping  motor 
actuator  105  to  cause  the  latter  motor  to  step  the 
rack  50  in  one  direction  or  the  other,  or  to  leave  it 
stationary,  depending  upon  the  signal  from  the 
fuel  control  logic  126.  The  counter  104  is  also 
supplied  with  the  pulses  from  the  control  circuit 
170,  and  increases  and  decreases  its  count 
accordingly  so  as  to  maintain  and  store  a  number 
indicative  of  rack  position  which,  as  previously 
mentioned,  is  used  as  the  source  of  the  Z  signal 
on  line  102. 

An  electrical  actuator  is  used  to  move  the  rack 
of  the  pump  in  response  to  the  signal  from  the 
electronic  governor.  A  stepping  motor  actuator 
105  is  used  in  this  application  that  has  sufficient 
force  capability  to  overcome  the  frictional  and 
other  resistance  to  the  motion  of  the  rack.  Step- 
ping  motor  actuators  have  the  characteristic  of  a 
brisk  movement  to  the  next  position  with  a  strong 
holding  force  when  the  motion  is  complete. 
Furthermore,  since  they  move  a  specific  distance 
in  response  to  the  sequence  of  pulses,  it  is 
unnecessary  to  use  a  separate  position  sensor  to 
determine  the  position  of  the  rack. 

When  used  with  a  microprocessor,  the  stepping 
motor  is  nearly  ideal.  The  microprocessor  counter 
104  can  do  the  arithmetic  additions  and  subtrac- 
tions  necessary  to  keep  track  of  the  incremental 
motions  of  the  stepping  motor.  The  position  of 
the  actuator  is  continually,  i.e.  200  times  per 
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excess  of  air  charge  to  the  engine  cylinders, 
above  that  which  is  needed  for  complete  fuel 
combustion,  and  objectionable  smoking  does  not 
occur.  The  value  of  the  smoke  limit  signal  Fsl  is 

5  also  relatively  high  at  this  time,  corresponding  to 
a  fuel  limit  value  which  is  higher  than  Fde,  and 
hence  is  not  effective  as  a  limit  during  the  initial 
steady-state  condition.  The  target  fuel  value  T  is 
assumed  to  be  initially  as  shown  schematically  in 

10  the  figure. 
During  the  shifting  interval,  Fs,  and  T  fall  to 

lower  values,  as  shown,  but  the  fuel  level  is  still 
controlled  by  the  throttle  level  Fn,  rather  than  by 
the  smoke  limit  FS|,  since  the  manifold  pressure 

15  produced  by  the  turbocharger  does  not  fall  faster 
than  the  fuel  delivered  Fder  and  there  is  still  ample 
air  for  complete  combustion.  The  smoke  limit  Fs! 
comes  into  effect  when  the  operator,  at  the  end  of 
the  shifting  interval,  reengages  the  clutch  and 

20  reapplies  the  throttle  to  suddenly  increase  L  and 
Fft  as  shown  in  the  graphs.  At  this  time  the  engine 
speed  S  also  increases  quite  rapidly  to  its  new 
level,  but  the  manifold  pressure  P  does  not,  and 
cannot,  rise  rapidly  because  of  the  lag  in 

25  turbocharger  operation.  If  it  could  rise  rapidly,  as 
indicated  by  the  portion  of  curve  designated 
"ideal"  in  the  pressure  diagram,  the  desired 
excess  air  charge  would  be  provide  proportionate 
to  the  rapidly  increasing  fuel  and  complete  com- 

30  bustion  without  excessive  smoke  would  result. 
However,  in  a  real  system  in  which  the  puff 
control  is  not  utilized,  the  turbocharger  action 
only  increases  at  a  rate  sufficient  to  produce  the 
relatively  gradual  increase  in  manifold  pressure  P 

35  indicated  by  the  dotted  line  in  the  P  characteristic, 
and  the  area  between  the  "ideal"  curve  and  the 
dotted  curve  indicates  the  deficiency  in  air 
pressure  which  would  result  in  objectional  smoke 
during  the  puff  interval. 

40  To  counteract  this  tendency,  the  smoke  limit  FS| 
comes  into  play  during  the  puff  generation  inter- 
val  as  shown  in  the  Fs,  diagram,  rising  at  a  more 
gradual  rate  generally  parallel  to  the  recovery 
curve  for  the  manifold  pressure  P,  thus  limiting 

45  the  rate  of  increase  of  the  actual  fuel  delivered  Fde, 
to  the  relatively  gradual  curve  shown  in  the  Fde| 
graph.  The  Fde,  curve  shows  in  dotted  line  the 
much  higher  rate  of  increase  of  Fdei  which  would 
occur  in  the  absence  of  the  puff  control  and  which 

so  would  result  in  the  objectionable  puff  of  smoke. 
Referring  now  to  the  smoke  opacity  graph  of 

Fig.  2G,  it  will  be  seen  that  in  the  steady-state 
condition  in  3rd  gear  the  smoke  opacity  is  at  a 
very  tolerable  level  of  about  8%,  and  drops  during 

55  shifting  to  near  zero  since  substantially  no  fuel  is 
being  supplied.  Upon  completing  the  shift  into 
4th-gear  operation,  without  puff  control  the 
smoke  opacity  would  momentarily  reach  a  very 
high  level,  e.g.  70%,  as  shown  by  the  broken  line 

eo  in  the  graph  G,  because  the  pressure  produced  by 
the  turbocharger  is  momentarily  very  low  com- 
pared  to  the  high  level  of  fuel  delivered  to  the 
engine.  The  full-line  curve  in  G  marked  "with  puff 
control"  shows  the  limitation  of  the  opacity  dur- 

65  ing  the  puff  to  a  relatively  low,  tolerable  value 

only  once,  there  would  be  an  error  in  this  stored 
word.  Once  this  error  is  present,  it  tends  to  remain 
indefinitely.  To  guard  against  this  remote  possi- 
bility  during  a  long  continuous  use,  the  stepper 
motor  is  driven  against  its  positive  stop  occasion- 
ally  to  reset  its  position.  In  a  truck  application  the 
engine  requires  no  fuel  for  more  than  one  second 
during  a  gear  shift.  It  is  possible  to  run  the  stepper 
motor  against  its  stop  and  back  to  its  zero  fuel 
position  in  less  than  0.25  seconds.  The  micro- 
processor  periodically  sends  the  stepper  motor 
enough  steps  to  cause  it  to  be  against  its  stop, 
and  then  sends  additional  steps  so  that  the  motor 
will  be  against  the  stop  even  if  there  is  an  error. 
The  stepper  motor  position  word  is  then  reset  and 
the  stepper  motor  is  returned  to  its  active  range. 

It  is  not  important  that  the  stepper  motor  be 
reset  often.  It  is  reset  only  when  it  is  convenient. 
During  a  shift  the  engine  fuel  is  off  for  plently  of 
time  for  a  reset.  Since  the  gears  are  shifted  often, 
resetting  could  occur  much  more  often  than 
useful.  The  microprocessor  can  be  programmed 
to  attempt  a  reset  only  100  seconds  after  the  last 
completed  reset. 

Considering  in  more  detail  the  operation  of  the 
system  represented  in  Fig.  3,  and  with  particular 
reference  to  the  timing  diagram  of  Fig.  2,  assume 
that  initially  the  engine  system  described  is  oper- 
atively  mounted  in  a  truck  which  is  proceeding  in 
third  gear  at  a  steady  speed,  and  each  of  the  eight 
parameters  represented  in  Fig.  2  has  a  corre- 
sponding  steady  value,  as  shown  under  the 
column  marked  3  "rd".  This  condition  persists  in 
the  time  from  ta  to  tb,  at  which  time  it  is  assumed 
that  the  operator  shifts  from  third  to  fourth  gear, 
the  times  for  these  latter  occurences  being  indi- 
cated  by  the  headings  "shifting  interval"  and 
"4th".  It  will  be  understood  that  the  graphical 
representations  are  idealized,  and  do  not  neces- 
sarily  represent  exactly  the  form  which  each  of 
the  graphs  would  have  for  an  actual  engine. 

At  time  tb  the  operator  disengages  the  clutch, 
thereby  rapidly  removing  the  load  from  the 
engine  and  causing  the  load  to  fall  rapidly  to  a 
new  constant  low  level.  At  the  same  time,  he 
releases  the  foot  throttle  causing  the  fuel  level  Fft 
for  which  it  calls  to  fall  rapidly  to  a  constant  low 
level  during  the  shifting  interval.  At  the  same 
time,  the  engine  speed  gradually  falls  off  to  a 
nearly  constant  lower  level,  as  shown. 

Since  the  air  pressure  in  engine  manifold  12  is 
an  increasing  function  of  engine  load  and  speed, 
and  especially  of  engine  load,  the  manifold 
pressure  P  produced  by  the  turbocharger  also 
falls  quite  rapidly  to  a  nearly  constant  lower  level 
during  the  shifting  interval.  As  to  the  fuel  actually 
delivered  to  the  engine,  designated  as  Fder 
initially  it  is  at  a  constant  relatively  high  level 
while  the  engine  is  operating  under  high  load,  but 
with  release  of  the  foot  throttle  at  time  tb  it  falls 
rapidly  to  substantially  zero. 

During  the  initial  period,  when  the  system  is  in 
third  gear  and  operating  under  steady-state  con- 
ditions,  the  level  of  manifold  pressure  P  provided 
by  the  turbocharger  is  sufficient  to  provide  an 
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(20%  in  this  case)  while  the  intake  manifold 
pressure  is  held  to  P1f  measure  the  rack  position 
(which  corresponds  to  delivered  fuel  rate  Fdei). 
This  value  of  fuel  is  the  value  of  T  for  the  set 

5  values  of  S  and  Z. 
To  find  an  experimental  value  of  A(S),  the 

following  procedure  is  used: 
1.  On  a  dynamometer,  run  the  engine  at  speed 

S. 
10  2.  Using  a  recorder  to  record  the  intake  mani- 

fold  air  pressure,  suddenly  change  the  rack  posi- 
tion. 

3.  The  air  pressure  record  will  have  generally  an 
exponential  shape  approaching  a  steady  state 

15  value.  This  record  will  have  a  characteristic  time 
constant,  t  in  seconds.  A(S)  is  the  reciprocal  oft .  
That  is,  A(S)=1/t. 

As  an  example  only,  Fig.  4  shows  the  nature  of 
a  part  of  a  typical  array  in  the  microprocessor 

20  memory  for  several  values  of  T(S,  Z),  and  a 
similar  array  for  several  values  of  A(S).  For  T(S, 
Z),  under  the  heading  "Name"  are  listed  the 
identification  of  nine  different  parameter  values 
for  T(S,  Z),  e.g.  T  (800,30),  identifying  the  T  for  a 

25  speed  of  800  and  a  rack  position  30.  Under  the 
heading  "Memory  Position"  are  listed  nine  corre- 
sponding  numbered  positions  in  the  micro- 
processor  memory  (e.g.  1024)  at  which  the  value 
of  T  for  the  named  values  of  S  and  Z  is  stored. 

30  Under  the  heading  "Stored  Value"  are  the  later 
corresponding  values  of  T,  e.g.  67.  During  normal 
operation,  S  and  Z  are  constantly  monitored  by 
the  electric  governor,  and  the  named  combination 
of  S  and  Z  that  is  being  produced  by  the  engine  is 

35  automatically  determined  and  used  to  access  the 
corresponding  memory  location  and  read  out  the 
corresponding  stored  value  of  T(S,  Z)  at  all  times. 

Similarly,  for  A(S)  the  named  value  of  S 
accesses  the  numbered  memory  position  at 

40  which  the  corresponding  value  of  A(S)  is  stored, 
and  reads  it  out. 

It  will  be  understood  that  in  practice  many  more 
values  of  S  and  Z  will  normally  be  used  to 
accomplish  a  substantially  complete  mapping  of 

45  the  S,  Z  characteristic  of  the  particular  engine 
type.  While  each  engine  can  be  so  mapped  and  its 
characteristic  stored  in  its  associated  micro- 
processor  memory,  it  is  contemplated  that  the 
mapping  obtained  for  an  engine  of  a  given  type 

so  will  be  adequate  for  others  of  the  same  type. 
While  digital  information  of  the  invention  is 

preferred,  it  may  also  be  implemented  in  analog 
form,  as  shown  schematically  in  Fig.  5.  Thus,  one 
may  derive,  by  conventional  analog  means, 

55  analog  electrical  signals  having  values  pro- 
portional  to  the  fuel  Fft  demanded  by  the  foot 
throttle  position,  the  fuel  level  FT  representing  the 
maximum-torque  fuel  limit,  the  maximum-speed 
fuel  limit  FH  and  the  low-idle  fuel  limit  Ft.  These 

60  may  be  supplied  by  a  logic  circuit  300,  to  which  is 
supplied  also  the  signal  Fs,  respresenting  in 
analog  form  the  puff-control  fuel  limit.  The  analog 
logic  circuit  300  selects  the  smallest  of  the  signal 
levels  of  signals  Ff,,  FT,  FH  and  Fs,,  and  produces  a 

65  rack-control  signal  Z  which  is  equal  to  the  so- 

such  as  20%,  due  to  the  fuel  limit  established  by 
the  smoke  limit  Fs,  during  the  puff  interval. 

Accordingly,  the  apparatus  of  the  invention 
provides  a  smoke  limit  fuel  level  Fs,  during  the 
puff  generation  interval  which  increases  in  a 
manner  generally  tracking  the  response  charac- 
teristic  of  the  turbogenerator  as  reflected  in  the 
manifold  pressure  characteristic,  thereby  limiting 
the  supply  of  fuel  delivered  to  that  for  which  the 
available  air  in  the  turbocharger  is  sufficient  to 
prevent  objectionable  smoke.  Furthermore,  since 
the  smoke  limit  Fs,  is  derived  as  described  from 
characteristics  of  the  turbocharger  stored  in  the 
microprocessor  memory,  it  provides  a  fuel  limit 
which  not  only  prevents  objectionable  smoke 
during  the  puff,  but  which  enables  the  fuel  to  rise 
as  rapidly  as  practical  to  the  level  called  for  by  the 
foot  throttle. 

The  significance  of  the  information  stored  in  the 
microprocessor  for  computing  Fs,  by  integration 
of 

dFsl/dt=A(s)  [T-Fsl], 

and  especially  of  the  parameter  T(s,  z)  will  be 
more  fully  understood  from  the  following  descrip- 
tion  of  the  manner  in  which  the  characteristics  of 
the  specific  engine  and  turbocharger  may  be 
mapped  and  supplied  to  the  memory  of  the 
microprocessor. 

The  most  practical  way  known  to  find  the  T(S, 
Z)  function  is  to  measure  its  value  on  an  engine 
while  it  is  being  run  on  a  dynamometer.  If  an 
engine  is  run  on  a  dynamometer  at  a  given  engine 
speed  and  at  a  given  fuel  delivery  rate,  the  engine 
will  quickly  come  to  steady  state.  The  supercharg- 
ing  of  the  intake  manifold  by  the  turbocharger  will 
reach  a  staady  state  value.  The  smoke  generated 
under  these  conditions  is  moderate.  There  is 
enough  supercharging  air  that  more  fuel  could  be 
injected  each  stroke  before  a  given  level  of  smoke 
opacity,  say  20%  is  reached.  This  value  of  fuel 
which  if  applied  would  result  in  an  instantaneous 
smoke  opacity  of  a  predetermined  level,  e.g.  20%, 
is  T(S,  Z). 

In  other  words,  in  a  turbocharged  diesel  engine 
operating  at  a  speed  S  and  with  a  rack  position  Z 
in  steady  state,  there  is  enough  supercharging 
that  if  the  rack  were  moved  suddenly  to  a  position 
which  would  produce  a  fuel  level  T(S,  Z),  the 
engine  would  produce  a  specified  level  of  smoke 
opacity  briefly  until  the  supercharging  increased 
due  to  the  resulting  increase  in  the  energy  in  the 
exhaust. 

An  experimental  method  for  finding  a  value  of 
T(S,  Z)  is  as  follows: 

1.  On  a  dynamometer,  run  the  engine  at  a  fixed 
speed  St  and  rack  position  Z1f  until  steady  state  is 
achieved. 

2.  Measure  intake  manifold  air  pressure,  P-,. 
3.  Using  an  air  valve  in  the  intake  air  passage 

hold  the  intake  manifold  pressure  to  P,  while 
increasing  fuel  and  holding  S  constant. 

4.  When  the  fuel  is  raised  enough  to  cause  the 
smoke  to  have  the  desired  maximum  opacity 
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300)  for  measuring  the  rate  of  fuel  delivery  to  said 
engine  and  for  producing  a  signal  (Z,  Fdel)  repre- 
sentative  thereof; 

(H)  said  storing  means  (100;  310,  340)  stores 
information  [A(S),  T(S,  z)]  definitive  of  the 
response  [A(S)]  of  said  turbocharger  to  changes 
in  engine  speed  for  different  values  of  the  initial 
speed  (S)  and  of  the  target  fuel  delivery  [T(S,  Z)] 
for  which  the  level  of  smoke  reaches  said  pre- 
determined  level  of  smoke  for  different  values  of 
the  initial  speed  (S)  and  fuel  delivery  rate  (Z,  Fde,); 

(I)  said  accessing  means  (86)  accesses  said 
information  in  response  to  said  speed 
representing  signal  (S)  and  said  fuel  delivery 
delivery  rate  signal  (Z;  Fde,)  to  produce  a  read-out 
signal  (106,  108)  from  said  storing  means  (100; 
310,  340)  containing  said  information  [A(S);T(Si  Z)] 
corresponding  to  the  current  values  of  speed  and 
fuel  delivery  rate  represented  by  said  signals  (S, 
Z)  applied  thereto; 

(J)  said  signal  producing  means  (110,  120;  360, 
368,  370)  derives  from  said  read-out  signal  a 
signal  (dFS|/dt)  on  the  basis  of  the  equation 

selected  signal  level  of  FL,  whichever  is  greater; 
the  rack  control  signal  Z  is  applied  over  line  308  to 
set  the  rack  at  a  position  corresponding  to  the 
value  of  the  Z  signal. 

The  Z  signal  is  also  supplied  to  a  conventional 
type  of  analog  function  generator  310,  which  is 
also  supplied  with  an  analog  signal  S  pro- 
portional  to  engine  speed.  Generator  310  func- 
tions  to  produce  on  its  output  line  320  an  analog 
signal  proportional  to  the  value  of  the  function  T 
for  the  values  of  S  and  Z  supplied  to  it.  Another 
conventional  type  of  analog  generator  340  is 
supplied  with  the  speed-representing  signal  S, 
and  produces  on  its  output  line  344  and  analog 
signal  proportional  to  the  value  of  the  function 
A(S)  for  the  values  S  supplied  to  it. 

An  analog  multiplier  360  multiplies  the  signals 
A(S)  and  T(S,  Z)  to  produce  the  product  A(S)  T(S, 
Z),  which  is  supplied  over  line  364  to  the  positive 
input  terminal  of  a  differential  operational  ampli- 
fier  circuit  368  connected  as  an  integrator. 
Another  analog  multiplier  370  is  supplied  with  the 
signal  A(S),  and  with  a  signal  Fs,  from  the  output 
of  the  integration  368,  to  produce  on  its  output 
line  372  a  product  analog  signal  K  A(S)  FS|,  which 
is  applied  over  line  372  to  the  negative  input 
terminal  of  the  amplifier-integrator  368.  Amplifier 
and  integrator  circuit  368  responds  to  its  two 
inputs  to  produce  at  its  output  line  380  an  analog 
signal  proportional  to  the  integral  of  the  differ- 
ence  of  its  input  signals,  e.g.  a  signal  proportional 
to  A(S)  T(S,  Z)-A(S)  Fsl.  It  can  readily  be  seen  that 
the  latter  expression  is  equal  to  A(S)  [T(S,  Z)-Fs,], 
the  desired  new  value  of  Fs!,  which  is  applied  to 
the  logic  circuit  300  as  described  above. 

Claims 

1.  Smoke  control  apparatus  controlling  a 
turbocharged  engine,  comprising: 

(A)  means  (81,  82,  90)  for  measuring  the  speed 
of  said  engine  and  for  producing  a  signal  (S) 
representative  of  said  speed; 

(B)  throttle  means  (58)  capable  of  producing 
rates  of  increase  in  demand  for  fuel  delivery  to 
said  engine  in  excess  of  substantially  a  maximum 
rate  at  which  the  delivery  of  fuel  to  said  engine 
can  be  increased  from  its  existing  level  without 
producing  more  than  a  predetermined  level  of 
smoke  from  the  exhaust; 

(C)  means  (100;  310,  340)  for  storing  infor- 
mation  which  is  a  function  of  the  response  of  said 
turbocharger  to  changes  in  engine  operating 
parameters; 

(D)  means  (86)  for  accessing  said  information  in 
response  to  at  least  the  speed  signal  (S); 

(E)  means  (110,  120;  360,  368,  370)  producing 
one  or  more  fuel  limiting  signals  representative  of 
said  substantially  maximum  rate  of  fuel  delivery; 

(F)  means  (126,  300)  for  limiting  the  rate  of  fuel 
delivery  in  response  to  said  one  or  more  fuel 
limiting  signals  to  prevent  said  rate  of  fuel  deliv- 
ery  from  rising  above  said  substantially  maxi- 
mum  rate,  characterized  in  that: 

(G)  said  apparatus  comprises  means  (170,  104; 

10 

15 

20 

d  FSL 25 
=A(S)[T(S,  Z)-FSL] 

dt 

and  derives  therefrom  a  signal  FSL  representative 
30  of  the  maximum  fuel  delivery  rate  which  can  be 

provided  without  producing  exhaust  smoke  of 
greater  level  than  said  predetermined  level  from 
the  exhaust; 

(K)  said  limiting  means  (126,300)  limits  the  fuel 
35  delivery  rate  in  response  to  said  last  named  signal 

to  maintain  it  below  said  maximum  fuel  delivery 
rate. 

2.  The  control  apparatus  of  claim  1,  charac- 
terized  in  that  storing  means  (100;  310,  340 

40  comprises  electrical  memory  means  storing  infor- 
mation  which  is  a  known  function  of  the  response 
of  the  turbocharged  to  changes  in  speed  of  said 
engine  and  in  the  rate  of  delivery  of  fuel  thereto 
per  engine  cycle. 

45  3.  The  control  apparatus  of  claim  1,  charac- 
terized  in  that  said  means  (126;  300)  for  limiting 
said  rate  of  fuel  delivery  holds  said  rate  at  said 
substantially  maximum  rate  when  said  throttle 
means  (58)  produces  said  increases  in  demand. 

so  4.  The  control  apparatus  of  claim  1,  charac- 
terized  in  that 

—said  signal  producing  means  (170,  104;  300) 
produces  signals  representative  of  the  rate  of 
delivery  of  fuel  to  said  engine  per  engine  cycle; 

55  —said  storing  means  (100;  310,  340),  said 
accessing  means  (86),  said  signal  producing 
means  (110,  120;  360,  368,  370)  and  said  limiting 
means  (126,  300)  comprise  a  microprocessor  (86) 
comprising  electrical  information  storage  means 

60  (100;  310,  370)  permanently  storing  said  infor- 
mation  [A(S);T(S,  Z)] 

—  means  (62)  control  said  rate  of  fuel  delivery 
by  said  fuel  limiting  signal  during  acceleration  of 
said  turbocharger. 

65  5.  The  control  apparatus  according  to  claim  1, 
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Motor  ab  ihrem  vorhandenen  Wert  erhoht 
werden  kann,  ohne  dalS  mehr  als  ein  vorbestimm- 
ter  RulSgehalt  im  Abgas  produziert  wird; 

(C)  einer  Einrichtung  (100;  310  340)  zum  Spei- 
5  chern  von  Information,  welche  eine  Funktion  des 

Ansprechens  des  Abgasturboladers  auf  Anderun- 
gen  in  Motorbetriebsparametem  ist; 

(D)  einer  Einrichtung  (86)  fur  den  Zugriff  auf  die 
Information  wenisgstens  auf  das  Drehzahlsignal 

io  (S)  hin; 
(E)  Einrichtung  (110),  120;  360,  368,  370)  zum 

Erzeugen  von  einem  oder  mehreren  Kraftstoffbe- 
grenzungssignalen,  welche  die  im  wesentlichen 
maximale  Kraftstoffzufuhrgeschwindigkeit  dar- 

15  stellen; 
(F)  einer  Einrichtung  (126,  300)  zum  Begrenzen 

der  Kraftsoffzufuhrgeschwindigkeit  auf  das  eine 
oder  die  mehreren  Kraftstoffbegrenzungssignale 
hin,  um  zu  verhindern,  dalS  die  Kraftstoffzufuhrge- 

20  schwindigkeit  uber  die  im  wesentlichen  maximale 
Geschwindigkeit  ansteigt,  dadurch  gekennzeich- 
net,  date: 

(G)  die  Vorrichtung  eine  Einrichtung  (170,  104; 
300)  aufweist  zum  Messen  der  Geschwindigkeit 

25  der  Kraftstoffzufuhrzu  dem  Motor  und  zum  Erzeu- 
gen  eines  Signals  (Z,  Fde)),  das  dieselbe  darstellt; 

(H)  die  Speichereinrichtung  (100;  310,  340)  def- 
initive  Information  [A(S),  T(SiZ)]  uber  das  Anspre- 
chen  [(A(S)]  des  Abgasturboladers  auf  Anderun- 

30  gen  in  der  Motordrehzahl  fur  unterschiedliche 
Werte  der  Anfangsdrehzahl  (S)  und  der  Sollkrafts- 
toffzufuhr  [T(S,  Z)],  bei  welcher  der  RufJgehalt  den 
vorbestimmten  RulSgehalt  bei  verschiedenen 
Werten  der  Anfangsdrehzahl  (S)  und  der  Krafts- 

35  toffzufuhrgeschwindigkeit  (Z,  Fde,)  erreicht,  spei- 
chert; 

(I)  die  Zugriffseinrichtung  (86)  auf  die  Informa- 
tion  auf  das  die  Drehzahl  darstellende  Signal  (S) 
und  auf  das  Kraftstoffzufuhrgeschwindigkeitssi- 

40  gnal  (Z;  Fde,)  hin  anspricht,  um  ein  Ablesesignal 
(106,  108)  aus  der  Speichereinrichtung  (100;  310, 
340)  zu  erzeugen,  welches  die  Information  [A(S); 
T(S,  z)]  enthalt,  die  den  Istwerten  der  Drehzahl  und 
der  Kraftstoffzufuhrgeschwindigkeit,  reprasen- 

45  tiert  durch  die  daren  angelegten  Signale  (S,  Z), 
entspricht; 

(J)  die  Signalerzeugungseinrichtung  (110,  120; 
360,  368,  370)  aus  dem  Ablesesignal  ein  Signal 
(dFsi/dt)  auf  der  Basis  der  Gleichung 

50 
dFSL 

=A(S)[T(S,  Z)-FSL] 
dt 

55  erzeugt  und  daraus  ein  Signal  FSL  erzeugt, 
welches  die  maximale  Kraftstoffzufuhrgeschwin- 
digkeit  darstellt,  die  vorgesehen  werden  kann, 
ohne  daft  Abgas  mit  einem  grolSeren  Rufcgehalt 
als  dem  vorbestimmten  Abgasruftgehalt  erzeugt 

60  wird; 
(K)  die  Begrenzungseinrichtung  (126,  300)  die 

Kraftstoffzufuhrgeschwindigkeit  auf  das  letztge- 
nannte  Signal  hin  begrenzt,  um  sie  unter  der 
maximalen  Kraftstoffzufuhrgeschwindigkeit  zu 

65  halten. 

characterized  in  that  said  turbocharged  diesel 
engine  is  connected  to  a  load  through  shiftable 
gears,  to  control  the  level  of  smoke  in  the  exhaust 
thereof  when  the  fuel  demand  increases  rapidly 
following  shifting  of  said  gears,  comprising 
mechanical  control  means  (62)  for  determining 
the  rate  of  delivery  to  said  engine  and  throttle 
means  (58)  adjustable  to  indicate  a  variable 
demand  for  the  rate  of  fuel  delivery  to  said 
engine, 

means  (70,  148)  responsive  to  the  adjustment  of 
said  throttle  means  (58)  for  producing  a  first 
signal  Fft  representative  of  said  variable  demand; 

microprocessor  means  (86)  store  (100)  infor- 
mation  enabling  calculation  of  the  maximum  rate 
at  which  said  rate  of  fuel  delivery  Fde[  can  be 
increased  for  various  values  of  Fdei  and  S,  without 
producing  more  than  a  predetermined  level  of 
smoke  in  said  exhaust; 

means  (162,  128)  supply  said  signal  S  and  said 
rate  of  fuel  delivery  signal  Fde,  to  said  micro- 
processor  means  (86)  to  cause  it  to  calculate  (126) 
the  value  of  said  maximum  rate  corresponding  to 
the  corresponding  values  of  said  signals  S  and 
Fde,  and  to  produce  a  fourth  signal  dFs,/dt  repre- 
sentative  thereof; 

said  microprocessor  means  also  comprising 
integrating  circuit  means  (120)  supplied  with  said 
fourth  signal  for  producing  therefrom  a  fifth 
signal  Fsl  representing  the  maximum  rate  at 
which  fuel  can  be  delivered  to  said  engine  at  that 
time  without  producing  more  than  said  predete'r- 
mined  level  of  smoke  in  said  exhaust; 

said  microprocessor  means  being  responsive 
(112)  to  said  fifth  signal  Fs(  to  perform  said 
calculating  (110)  of  said  fourth  signal  dFs,/dt  in 
response  to  said  information  stored  (100)  therein 
and  in  response  to  said  fifth  signal  Fs,; 

electrical  means  (170)  control  said  mechanical 
control  means  (62)  and  are  supplied  with  said  fifth 
signal  Fs,  and  with  said  first  signal  Fft  for  auto- 
matically  limiting  the  value  of  the  rate  of  fuel 
delivery  Fde,  to  said  engine  to  a  level  corre- 
sponding  to  the  level  of  said  fifth  signal  Fsi  when 
the  value  of  Fs,  is  less  than  the  value  of  Fft. 

6.  The  control  apparatus  of  claim  5,  charac- 
terized  in  that  A(S)  is  inversely  proportioned  to 
the  time  constant  of  the  exponential  approach  of 
the  pressure  produced  by  said  turbocharger 
toward  its  steady  state  value  when  the  fuel  sup- 
plied  to  said  engine  operating  at  a  speed  S  is 
abruptly  increased  to  a  new  steady  value. 

Patentanspruche 

1.  RulSsteuervorrichtung  zum  Steuern  eines 
Motors  mit  Abgasturbolader,  mit: 

(A)  einer  Einrichtung  (81,  82,  90)  zum  Messen 
der  Drehzahl  des  Motors  und  zum  Erzeugen  eines 
Signals  (S),  welches  die  Drehzahl  darstellt; 

(B)  einer  Drosseleinrichtung  (58),  die  in  der 
Lage  ist,  Erhohungsgeschwindigkeiten  im  Bedarf 
an  Kraftstoffzufuhrzu  dem  Motor  zu  erzeugen,  die 
uber  im  wesentlichen  einer  Maximalgeschwindig- 
keit  liegen,  mit  der  die  Kraftstoffzufuhr  zu  dem 

10 



EP  0  078  762  B1 20 19 
wobei  die  Mikroprozessoreinrichtung  aufcer- 

dem  eine  Integrierschaltungseinrichtung  (120) 
umfalSt,  an  die  das  vierte  Signal  angelegt  wird, 
damit  diese  ein  fiinftes  Signal  Fsi  erzeugt,  welches 

5  die  maximale  Geschwindigkeit  darstellt,  mit  der 
Kraftstoff  dem  Motor  zu  dieser  Zeit  zugefiihrt 
werden  kann,  ohne  dalS  mehr  als  der  vorbe- 
stimmte  RulSgehalt  in  dem  Abgas  erzeugt  wird; 

wobei  die  Mikroprozessoreinrichtung  auf  das 
10  fiinfte  Signal  Fsi  anspricht  (112),  um  die  Berech- 

nung  (110)  des  vierten  Signals  dFs/dt  auf  die  darin 
gespeicherte  (100)  Information  hin  und  auf  das 
fiinfte  Signal  Fs!  hin  auszuftihren; 

eine  elektrische  Einrichtung  (170),  welche  die 
15  mechanische  Steuereinrichtung  (62)  steuert  und 

mit  dem  fiinften  Signal  FS|  und  mit  dem  ersten 
Signal  Fft  versorgt  wird,  um  den  Wert  der 
Geschwindigkeit  der  Kraftstoffzufuhr  Fdei  zum  dem 
Motor  automatisch  auf  einen  Wert  zu  begrenzen, 

20  welcher  dem  Wert  des  fiinften  Signals  Fs,  ent- 
spricht,  wenn  der  Wert  von  Fs,  kleiner  als  der  Wert 
von  Fft  ist. 

6.  Steuervorrichtung  nach  Anspruch  5,  dadurch 
gekennzeichnet,  dalS  A(S)  umgekehrt  proportional 

25  zu  der  Zeitkonstante  der  exponentiellen  Annahe- 
rung  des  durch  den  Abgasturbolader  erzeugten 
Druckes  an  seinen  stationaren  Wert  ist,  wenn  der 
Kraftstoff,  welcher  dem  mit  einer  Drehzahl  S 
laufenden  Motor  zugefiihrt  wird,  abrupt  auf  einen 

30  neuen  stationaren  Wert  erhoht  wird. 

Revendications 

1.  Dispositif  de  commande  de  fumee,  pour 
35  moteur  a  turbocompresseur  comprenant:  des 

moyens  (81,  82,  90)  pour  mesurer  la  vitesse  dudit 
moteur  et  pour  produire  un  signal  (S)  representatif 
de  ladite  vitesse,  des  moyens  de  commande  de 
gaz  (58)  aptes  a  produire  les  taux  d'augmentation 

40  en  carburant  a  delivrer  audit  moteur,  en  exces  d'un 
quantite  maximum  a  laquelle  le  combustible  doit 
etre  delivre  audit  moteur  et  qui  peut  etre  aug- 
mente,  a  partir  de  ce  niveau  existant,  sans  produire 
davantage  qu'un  niveau  predetermine  de  fumees 

45  d'echappement,  des  moyens  (100,  310,  340)  pour 
stacker  I'information,  ladite  information  etant  une 
fonction  de  la  reponse  du  turbocompresseur  aux 
changements  des  parametres  de  fonctionnement 
du  moteur,  des  moyens  86  pour  acceder  a  ladite 

so  information  en  reponse,  au  moins,  au  signal  de 
vitesse  (S),  des  moyens  (110,  120,  360,  368,  370) 
pour  produire  un  ou  plusieurs  signaux  de  limita- 
tion  de  carburant,  representatifs  de  la  quantite 
maximum  du  carburant  fourni,  des  moyens  (126, 

55  300)  pour  limiter  la  quantite  de  carburant  fourni  en 
reponse  a  un  ou  plusieurs  signaux  de  limitation  de 
carburant  et  empecher  que  la  quantite  de  carbu- 
rant  delivre  arrive  sensiblement  sous  ladite  quan- 
tite  maximum,  caracterise  en  ce  qu'il  comprend 

60  des  moyens  (170,  104,  300)  pour  mesurer  la 
quantite  de  carburant  fournie  au  moteur,  et  pour 
produire  un  signal,  (Z,  Fdel)  representatif  de  celle- 
ci,  lesdits  moyens  de  stockage,  (100,  310,  314) 
stockent,  I'information  [A(S),  T(S,  Z)]  finale  de  la 

65  reponse  [A(S)]  dudit  turbocompresseur  aux  chan- 

2.  Steuervorrichtung  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dalS  die  Speichereinrichtung 
(100;  310,  410)  eine  elektrische  Speichereinrich- 
tung  aufweist,  welche  Information  speichert,  die 
eine  bekannte  Funktiqn  des  Ansprechens  des 
Abgasturboladers  auf  Anderungen  in  der  Motor- 
drehzahl  und  in  der  Geschwindigkeit  der  Krafts- 
toffzufuhr  zu  demselben  pro  Motorarbeitsspiel  ist. 

3.  Steuervorrichtung  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dalS  die  Einrichtung  (126;  300) 
zum  Begrenzen  der  Geschwindigkeit  der  Krafts- 
toffzufuhr  die  Geschwindigkeit  auf  im  wesent- 
lichen  der  maximalen  Geschwindigkeit  halt,  wenn 
die  Drosseleinrichtung  (58)  die  Bedarfserhohun- 
gen  erzeugt. 

4.  Steuervorrichtung  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daS 

—die  Signalerzeugungseinrichtung  (170,  104; 
300)  Signale  erzeugt,  welche  die  Geschwindigkeit 
der  Kraftstoffzufuhr  zu  dem  Motor  pro  Motorar- 
beitsspiel  darstellen; 

—die  Speichereinrichtung  (100,  310,  340),  die 
Zugriffseinrichtung  (86),  die  Signalerzeugungsein- 
richtung  (110,  120;  360,  368,  370)  und  die  Begren- 
zungseinrichtung  (126,  300)  einen  Mikroprozessor 
(86)  umfassen,  welcher  eine  elektrische  Informa- 
tionsspeichereinrichtung  (100;  310,  370)  enthalt, 
die  die  Information  [A(S);  T(S,  Z)]  permanent 
speichert; 

—eine  Einrichtung  (62)  die  Kraftstoffzufuhrge- 
schwindigkeit  durch  das  Kraftstoff  beg  renzungssi- 
gnal  wahrend  der  Beschleunigung  des  Abgastur- 
boladers  steuert. 

5.  Steuervorrichtung  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dafS  der  mit  Abgasturbolader 
versehene  Dieselmotor  mit  der  Belastung  iiber  ein 
Schaltgetriebe  verbunden  ist,  um  den  RuGgehalt 
des  Abgases  desselben  zu  steuern,  wenn  der 
Kraftstoff  bedarf  im  AnschlulS  an  das  Schalten  des 
Getriebes  schnell  erhoht  wird,  beinhaltend  eine 
mechanische  Steuereinrichtung  (62)  zum  Bestim- 
men  der  Geschwindigkeit  der  Zufuhr  zu  dem 
Motor  und  eine  Drosseleinrichtung  (58),  die  ein- 
stelibar  ist,  um  einen  variablen  Bedarf  fur  die 
Geschwindigkeit  der  Kraftstoffzufuhr  au  dem 
Motor  anzuzeigen, 

eine  Einrichtung  (70,  148)  die  auf  das  Einstellen 
der  Drosseleinrichtung  (58)  hin  ein  erstes  Signal  Fft 
erzeugt,  welches  den  variablen  Bedarf  reprasen- 
tiert; 

eine  Mikroprozessoreinrichtung  (86)  mit  einem 
Speicher  (100)  fur  Information,  welche  die  Berech- 
nung  der  maximalen  Geschwindigkeit  ermoglicht, 
mit  welcher  die  Kraftstoffzufuhrgeschwindigkeit 
Fde,  fur  verschiedene  Werte  von  Fdel  und  S  erhoht 
werden  kann,  ohne  daB  mehr  als  ein  vorbestimm- 
ter  RulSgehalt  in  dem  Abgas  erzeugt  wird; 

eine  Einrichtung  (162,  128),  welche  das  Signal  S 
und  das  Kraftstoffzufuhrgeschwindigkeitssignal 
Fde,  an  die  Mikroprozessoreinrichtung  (86)  abgibt, 
um  sie  zu  veranlassen,  den  Wert  der  maximalen 
Geschwindigkeit  entsprechend  den  entsprechen- 
den  Werten  der  Signale  S  und  Fde,  zu  berechnen 
(126)  und  ein  viertes  Signal  dFs,/dt  zu  erzeugen, 
welches  diesen  darstellt; 

11 
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de  carburant  delivre  par  ledit  signal  de  limitation, 
durant  I'acceleration  du  turbocompresseur. 

5.  Dispositif  de  commande  suivant  la  revendica- 
tion  1  caracterise  en  ce  que  ledit  moteur  diesel 
turbocompresse  est  connecte  a  une  charge,  par 
I'intermediaire  d'un  systeme  d'engenages 
debrayables,  pour  commander  le  niveau  de 
fumee  de  I'echappement,  lorsque  la  demande  en 
carburant  augmente  rapidement  suivant  le  rap- 
port  de  vitesse  selectionne,  comprenant  des 
moyens  de  commande  mechaniques  (62)  pour 
determiner  la  quantite  de  carburant  fournie  audit 
moteur,  et  des  moyens  de  commande  de  gaz  (58) 
reglables,  pour  indiquer  une  demande  variable  du 
carburant  fourni  audit  moteur,  des  moyens  (70, 
148)  lies  a  ces  moyens  de  reglage  des  gaz  (58) 
pour  produire  un  premier  signal  Fft  representatif 
de  cette  quantite,  des  moyens  de  stockage  (100)  a 
microprocesseur  (86)  de  I'information  aptes  a 
calculer  ('augmentation  maximale  dont  on  peut 
augmenter  la  quantite  de  carburant  Fdel,  pour 
differentes  valeurs  de  Fdel  et  de  S,  sans  produire 
plus  qu'un  niveau  predetermine  de  fumee  a 
I'echappement,  des  moyens  (162,  128)  fournis- 
sant  un  signal  S  et  un  signal  Fde|,  de  la  quantite  de 
carburant  delivree,  ces  signaux  etant  fournis  a  un 
microprocesseur  (86)  pour  lui  permettre  calculer 
(126)  la  valeur  de  ladite  quantite  maximum  cor- 
respondant  aux  valeurs  des  signaux  S  et  Fdel  et 
pour  produire  un  quatrieme  signal  dFsi/dt,  des 
moyens  microprocesseur  comprenant  des 
moyens  de  circuit  integrateuer  (120)  alimentes 
par  ledit  quatrieme  signal  pour  produire  un  cin- 
quieme  signal  Fs!  representant  la  quantite  maxi- 
mum  de  carburant  qui  peut  etre  delivree  au 
moteur  a  cet  instant,  sans  produire  plus  qu'un 
niveau  predetermine  defumees  a  I'echappement, 
les  moyens  microprocesseur  etant  relies  (112)  au 
cinquieme  signal  FS|  pour  realiser  le  calcul  du 
quatrieme  signal  dFsl/dt  en  reponse  a  ladite  infor- 
mation  stockee  (100)  et  en  reponse  au  cinquieme 
signal  FS|,  des  moyens  electriques  de  commande 
(170)  commandent  lesdit  moyens  de  commande 
mecanique  (62)  et  sont  alimentes  par  le  cin- 
quieme  signal  Fs,  et  par  le  premier  signal  Fn  pour 
limiter,  de  fagon  automatique,  la  valeur  de  la 
quantite  de  combustible  delivre  Fdei  audit  moteur 
a  un  niveau  correspondant  au  niveau  du  qua- 
trieme  signal  FS|  lorsque  la  valeur  de  Fs!  est 
inferieure  a  la  valeur  de  Fft. 

6.  Dispositif  de  commande  suivant  la  revendica- 
tion  5  caracterise  en  ce  que  A  (S)  est  inversement 
proportionnel  a  la  constante  de  temps  de  I'ap- 
proche  exponentielle  de  la  pression  produite  par 
le  turbocompresseur  a  sa  valeur  de  regime  per- 
manent,  lorsque  le  combustible  fourni  au  moteur, 
en  cours  de  fonctionnement  a  la  vitesse  S,  est 
brusquement  augmente  a  un  nouveau  regime 
permanent. 

gements  de  vitesse  du  moteur,  pour  les  diffe- 
rentes  valeurs  de  la  vitesse  initiale  (S)  et  de  la 
quantite  de  carburant  delivre  [T(S,  Z)]  pour 
laquelle  le  niveau  de  fumee  atteint  un  seuil 
predetermine  pour  differentes  valeurs  de  la 
vitesse  initiale  (S)  et  de  la  quantite  de  combustible 
delivre  (Z,  Fdei),  lesdits  moyens  (86)  donnant  acces 
a  ladite  information,  en  reponse  au  signal  repre- 
sentant  la  vitesse  (S)  et  au  signal  representant  la 
quantite  du  carburant  delivre  (Z,  Fde,)  pour  pro- 
duire  un  signal  de  lecture  des  donnees  (106,  108) 
desdits  moyens  de  stockage  (100,  310,  340)  conte- 
nant  ladite  information  [A(S),  T(S,  Z)j  correspon- 
dant  aux  valeurs  courantes  de  la  vitesse  et  de  la 
quantite  de  combustible  delivre,  represents  par 
les  signaux  (S,  Z),  lesdits  moyens  pour  produire 
ledit  signal  (110,  120,  360,  368,  370)  tirent  du 
signal  lu,  un  signal  (dFs,/dt)  sur  la  base  de  I'equa- 
tion 

dFsl/dt=A(S)  [T(S,  Z)-Fsl] 

et  tirent  de  celle-ci  un  signal  Fs!  representatif  de  la 
quantite  maximale  de  carburant  qui  peut  etre 
fournie  au  moteur  sans  production  de  fumees 
d'echappement  de  plus  grande  importance  que  le 
niveau  predetermine,  lesdits  moyens  de  limita- 
tion  (126,  300)  limitent  la  quantite  de  carburant 
fourni  en  reponse  audit  signal,  dernierement 
nomme,  pour  la  maintenir  sous  ladite  quantite 
maximale, 

2.  Dispositif  de  commande  suivant  la  revendica- 
tion  1  caracterise  en  ce  que  les  moyens  de 
stockage,  (100,  310,  340)  comprennent  des 
moyens  de  stockage  electriques  de  I'information, 
cette  information  etant  une  fonction  connue  de  la 
reponse  du  turbocompresseur  aux  changements 
de  vitesse  du  moteur,  et  a  la  quantite  de  carburant 
delivree  par  cycle  moteur  moteur. 

3.  Dispositif  de  commande  suivant  la  revendica- 
tion  1  caracterise  en  ce  que  lesdits  moyens  (126, 
300)  pour  limiter  la  quantite  de  carburant  delivre 
maintiennent  ladite  quantite  a  une  valeur  maxi- 
mum  lorsque  les  moyens  de  commande  de  gaz 
produisent  une  augmentation  de  la  demande  en 
carburant. 

4.  Dispositif  de  commande  suivant  la  revendica- 
tion  1  caracterise  en  ce  que  les  moyens  de 
production  du  signal  (170,  104,  300)  produisent 
des  signaux  representatifs  de  la  quantite  de  car- 
burant  delivree  au  moteur  par  cycle,  lesdits 
moyens  de  stockage  (100,  310,  340),  lesdits 
moyens  d'acces  (86),  lesdits  moyens  de  produc- 
tion  du  signal  (110,  120,  360,  368,  370)  et  lesdits 
moyens  de  limitation  (126,  300)  comportent  un 
microprocesseur  (86)  comportant  des  moyens 
electriques  de  stockage  de  I'information  (100,310, 
370)  stockant  en  permanence  I'information  [A(S), 
T(S,  Z)],  des  moyens  (62)  commandent  la  quantite 
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