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Description 

This  invention  relates  to  a  method  of  and  apparatus  for  controlling  the  boost  pressure  of  a  supercharger 
of  an  internal  combustion  engine. 

5  It  is  common  to  use  superchargers  for  internal  combustion  engines  to  increase  the  power  output  of  the 
engine  by  boosting  the  pressure  in  the  engine  intake  manifold  and  thereby  increase  the  engine  air  throughput. 
When  employing  a  supercharger  in  an  engine,  caution  must  be  taken  to  avoid  operating  conditions  in  which 
torque  limitations  in  the  vehicle  drivetrain  may  be  exceeded  or  in  which  the  durability  of  the  engine  is  reduced. 

The  present  invention  seeks  to  provide  an  improved  method  of  and  apparatus  for  regulating  the  boost  pres- 
10  sure  output  of  a  supercharger. 

According  toan  aspect  of  the  present  invention,  there  is  provided  a  method  of  regulating  the  boost  pressure 
output  of  an  internal  combustion  engine  as  specified  in  claim  1. 

With  the  present  invention,  it  is  possible  automatically  to  compensate  for  all  barometric  conditions  affecting 
the  engine  output  torque  and  generally  lack  precision  in  maximizing  the  engine  power  output  while  preventing 

15  supercharger  operation  resulting  in  torque  limitations  in  the  vehicle  drivetrain  being  exceeded  or  in  the  engine 
durability  being  reduced. 

In  a  preferred  embodiment,  the  output  torque  at  a  predetermined  point  in  the  drivetrain  is  determined  and 
compared  with  a  predetermined  limit  torque  value.  Based  on  this  comparison,  the  supercharger  boost  pressure 
is  limited  to  a  value  at  which  the  determined  output  torque  is  limited  at  the  predetermined  limit  value.  This  closed 

20  loop  regulation  of  the  output  torque  via  boost  control  can  provide  precise  control  of  torque  to  assure  that  the 
torque  limitations  are  not  exceeded,  while  otherwise  allowing  the  maximum  engine  power  to  be  utilized. 

The  predetermined  limit  torque  value  is  preferably  reduced  when  a  hot  engine  condition  exists,  to  avoid  a 
condition  giving  rise  to  deterioration  in  engine  durability. 

The  predetermined  limit  torque  value  may  also  or  alternatively  be  reduced  after  the  engine  has  operated 
25  in  a  power  enrichment  mode  for  a  predetermined  time  period  to  avoid  excessive  thermal  loading  on  the  engine. 

In  another  embodiment,  the  torque  output  of  a  f  luidic  torque  converter  driven  by  the  engine  and  whose 
output  is  coupled  to  the  input  of  a  hydraulic  automatic  transmission  is  determined  and  compared  with  a  trans- 
mission  input  torque  limit.  The  supercharger  boost  pressure  is  limited  based  on  this  comparison  to  closed-loop 
limit  the  torque  output  of  the  torque  converter  at  the  transmission  input  torque  limit.  Since  the  transmission 

30  input  torque  limit  varies  depending  upon  the  selected  transmission  gear,  a  separate  transmission  input  torque 
limit  is  predetermined  for  each  transmission  gear  and  stored  in  memory.  The  supercharger  boost  pressure  is 
then  limited  on  the  basis  of  a  comparison  of  the  determined  torque  output  of  the  torque  converter  with  the 
stored  torque  limit  according  to  the  selected  transmission  gear. 

According  to  another  aspect  of  the  present  invention,  there  is  provided  apparatus  for  regulating  the  boost 
35  pressure  output  of  a  supercharger  as  specified  in  claim  7. 

An  embodiment  of  the  present  invention  is  described  below,  by  way  of  illustration  only,  with  reference  to 
the  accompanying  drawings,  in  which:- 

Figure  1  is  a  schematic  diagram  depicting  a  motor  vehicle  drivetrain  including  a  supercharged  internal  com- 
bustion  engine  and  a  computer-based  engine  control  unit; 

40  Figure  2  is  a  diagram  of  an  air  intake  system  of  the  engine  of  Figure  1  including  an  engine  driven  super- 
charger;  and 
Figures  3a,  3b,  and  4  are  flow  diagrams  illustrating  an  embodiment  of  operation  of  the  control  unit  of  Figure 
1. 
Referring  to  Figure  1  ,  a  vehicle  drivetrain  comprises  an  internal  combustion  engine  10,  a  conventional  flu- 

45  idic  torque  converter  12  and  a  conventional  hydraulic  automatic  transmission  14.  The  engine  output  shaft  16 
drives  the  input  member  (impeller)  of  the  torque  converter  12,  the  output  member  (turbine)  of  the  torque  con- 
verter  12  drives  the  transmission  input  shaft  18,  and  the  transmission  output  shaft  20  drives  the  vehicle  wheels 
for  propelling  the  vehicle. 

Airflow  into  the  engine  intake  manifold  passes  through  an  intake  throttle  bore  22  and  a  supercharger  as- 
50  sembly  24  having  an  input  pulley  26  driven  via  a  belt  28  by  a  crankshaft-driven  pulley  30.  Athrottle  32  provides 

for  driver  control  of  the  ingestion  of  air  and  in  this  respect  is  controlled  in  a  conventional  manner  by  a  driver 
actuated  accelerator  pedal  34.  The  supercharger  24  functions  to  boost  the  pressure  in  the  intake  manifold  of 
the  engine  10  and  therefore  its  air  throughput  so  as  to  increase  the  torque  output  of  the  engine  10. 

A  microcomputer-  based  control  unit  36  is  provided  for  controlling  various  functions  of  the  vehicle  drivetrain. 
55  These  functions  include  conventional  fuel  metering,  timing  of  spark  ignition,  torque  converter  lockup  clutch  con- 

trol  and  transmission  gear  ratio  control.  In  this  respect,  fuel  injectors  are  provided  with  timed  injection  pulses 
in  response  to  measured  engine  operating  parameters  that  typically  include  engine  coolant  temperature  TEMP 
provided  by  a  conventional  temperature  on  input  line  38,  throttle  position  TP  provided  by  a  conventional  throttle 
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position  sensor  40  on  input  line  42,  manifold  absolute  pressure  MAP  provided  by  a  conventional  pressure  sen- 
sor  on  input  line  44,  and  others  if  desired.  Typically,  the  injectors  are  controlled  to  establish  a  desired  air/fuel 
ratio  and  may  typically  establish  a  rich  mixture  during  engine  warm-up  and  for  power  enrichment  and  a  mixture 
having  a  stoichiometric  ratio  otherwise. 

5  The  control  of  the  spark  timing  is  also  conventional.  In  general,  the  control  unit  36  provides  a  commanded 
spark  timing  value  to  a  conventional  spark  timing  unit  46  which  initiates  combustion  in  the  various  engine  cy- 
linders  in  accordance  with  the  commanded  value.  Parameters  typically  used  to  establish  the  desired  timing 
value  include  MAP  and  engine  speed  RPM  provided  by  a  conventional  speed  sensor  on  input  line  48,  generally 
in  the  form  of  pulses  at  predetermined  crankshaft  positions  so  as  to  have  a  frequency  proportional  to  engine 

10  speed. 
Additionally,  the  control  unit  36  controls  the  gear  ratio  of  the  transmission  14  as  well  as  the  state  of  a  lock- 

up  clutch  in  the  torque  converter  12  in  response  to  parameters  that  typically  include  vehicle  speed  SPD  pro- 
vided  by  a  conventional  sensor  on  input  line  50  and  engine  load,  represented  for  example  by  the  throttle  position 
signal  TP.  These  control  functions  are  also  standard  in  form  and  are  not  described  in  further  detail  herein. 

15  The  control  unit  36  further  provides  a  duty  cycle  modulated  boost  control  signal  having  a  duty  cycle  DC 
and  which  is  fed  to  a  solenoid  valve  in  the  supercharger  assembly  24  so  as  to  limit  drivetrain  torque  in  a  closed 
loop  manner  on  the  basis  of  predetermined  values.  In  this  embodiment,  the  boost  control  signal  is  in  the  form 
of  a  constant  frequency  variable  pulse-width  signal  in  which  the  pulse  width  is  varied  from  zero  (0%  DC)  to 
the  full  period  (100%  DC)  to  establish  boost  control. 

20  The  microprocessor  contained  within  the  electronic  controller  36  has  stored  therein  the  instructions  nec- 
essary  to  implement  the  algorithms  for  controlling  the  various  functions  set  forth  above.  When  power  is  first 
applied  to  this  system  from  a  vehicle  battery  (not  illustrated)  the  computer  program  is  initiated.  The  program 
may  first  provide  for  initialization  of  various  random  access  memory  variables  to  calibrated  values  and  other 
functions.  When  this  initialization  routine  is  completed,  a  background  loop  may  be  executed  that  contains  va- 

25  rious  system  maintenance  and  diagnostic  routines.  This  loop  may  be  interrupted  by  one  of  several  possible 
system  interrupts  to  shift  control  to  the  appropriate  interrupt  service  routine.  The  fuel  and  spark  ignition  rou- 
tines  are  typically  executed  in  response  to  a  high  frequency  interrupt  provided  at,  for  example,  3.125  millisec- 
ond  intervals,  while  the  transmission  control  routine  and  the  supercharger  boost  control  algorithm  are  executed 
in  response  to  a  lower  frequency  interrupt  provided  at,  for  example,  100  millisecond  intervals. 

30  The  supercharger  assembly  24  of  Figure  1  is  illustrated  in  further  detail  in  Figure  2.  This  assembly  is  located 
in  the  air  intake  passage  of  the  engine  10  between  the  throttle  valve  32  and  the  intake  manifold  of  the  engine. 
In  this  embodiment,  the  assembly  includes  a  supercharger  52  in  the  form  of  a  Roots-type  blower  driven  via 
the  input  pulley  26  from  the  crankshaft  of  the  engine  10.  An  airflow  input  passage  54  to  the  supercharger  52 
communicates  with  the  airflow  passage  in  the  intake  throttle  bore  22  downstream  of  the  throttle  valve  32.  An 

35  output  passage  56  from  the  supercharger  52  communicates  directly  with  the  intake  manifold  of  the  engine  1  0. 
A  bypass  passage  58  is  provided  to  bypass  the  supercharger  52.  Positioned  within  the  bypass  passage 

58  is  a  throttle  plate  60  rotatable  between  a  fully  closed  position  to  inhibit  airflow  through  the  bypass  passage 
58  and  a  fully  open  position  providing  minimum  restriction  to  air  flow  through  the  bypass  passage  58.  When 
the  throttle  plate  60  is  in  the  fully  open  position,  the  pressures  in  the  input  and  output  passages  54  and  56  of 

40  the  supercharger  52  are  equal,  which  has  the  effect  of  unloading  the  supercharger  52  so  that  no  boost  is  pro- 
vided  and  the  parasitic  losses  of  the  supercharger  52  are  minimized.  When  the  throttle  valve  60  is  in  its  fully 
closed  position,  maximum  boost  pressure  in  the  engine  intake  manifold  is  provided.  By  regulating  the  rotational 
position  of  the  throttle  plate  60  between  its  fully  open  and  closed  positions,  the  boost  provided  by  the  super- 
charger52  may  be  regulated.  As  is  described  below,  the  throttle  plate  60  is  controlled  to  regulate  boost  pressure 

45  so  as  to  limit  driveline  torque  at  predetermined  values  in  a  closed  loop  manner. 
A  valve  actuator  62  is  provided  for  controlling  the  position  of  the  throttle  blade  60.  The  valve  actuator  62 

is  divided  into  first  and  second  pressure  chambers  64  and  66  by  a  diaphragm  68.  Aconnecting  arm  69  couples 
the  diaphragm  68  to  the  throttle  blade  60  such  that  as  the  diaphragm  68  is  moved  in  a  direction  decreasing 
the  volume  of  the  chamber  66,  the  throttle  blade  60  is  moved  in  a  direction  closing  the  bypass  passage  58 

so  and,  conversely,  as  the  diaphragm  68  is  moved  in  a  direction  increasing  the  volume  of  the  chamber  66,  the 
throttle  blade  60  is  moved  in  a  direction  opening  the  bypass  passage  58.  A  pre-load  spring  70  is  positioned  in 
the  chamber  and  biases  the  diaphragm  68  in  a  direction  to  close  the  bypass  passage  58. 

The  pressure  chamber  64  is  pneumatically  coupled  to  the  intake  passage  between  the  throttle  valve  32 
and  the  supercharger  52  via  a  pressure  distributor  72  so  that  the  pressure  in  the  pressure  chamber  is  at  the 

55  input  pressure  of  the  supercharger  52  downstream  of  the  throttle  valve  32.  The  pressure  chamber  66  is  coupled 
to  the  output  of  an  electromagnetic  solenoid  valve  74  which  directs  pressure  from  an  engine  manifold  pressure 
inlet  to  the  chamber  66  when  de-energized  and  directs  pressure  from  the  atmosphere  to  the  chamber  66  when 
energized.  The  solenoid  valve  is  controlled  by  the  duty  cycle  modulated  signal  output  of  the  control  unit  36. 
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By  modulating  the  duty  cycle  of  the  signal  controlling  the  solenoid  valve  74,  the  pressure  in  the  chamber  66 
may  be  controlled  at  any  pressure  between  manifold  pressure  (0%  duty  cycle)  and  atmospheric  pressure  (1  00% 
duty  cycle). 

Maximum  boost  pressure  based  on  engine  load  is  enabled  when  a  1  00%  duty  cycle  signal  (full  on)  is  applied 
5  to  the  solenoid  valve  74.  This  results  in  full  atmospheric  pressure  being  applied  to  the  pressure  chamber  66. 

In  this  condition,  at  low  load  and  during  light  acceleration,  in  which  the  vacuum  downstream  of  the  throttle  valve 
32  is  greater  than  a  reference  pressure  represented  by  the  preloading  of  the  spring  70,  the  diaphragm  68  is 
moved  by  atmospheric  pressure  to  open  the  valve  60  to  equalize  the  supercharger  52  inlet  and  outlet  pressures. 
This  condition  results  in  no  boost  in  the  engine  manifold  pressure  by  the  supercharger  52.  Whenever  the  engine 

10  load  is  increased  by  rotation  of  the  throttle  valve  32  to  a  position  at  which  the  vacuum  in  the  engine  intake 
below  the  throttle  valve  32  becomes  less  than  the  preload  reference  pressure  established  by  the  spring  70, 
diaphragm  68  is  moved  to  close  the  bypass  valve  60  so  that  full  boost  is  provided  by  the  supercharger  52.  In 
one  embodiment,  the  spring  represents  a  reference  pressure  of  76.2  mm  Hg  (3  in  Hg)  so  that  the  bypass  valve 
is  closed  to  provide  full  boost  when  the  engine  load  is  such  that  the  pressure  at  the  inlet  of  the  supercharger 

15  52  downstream  of  the  throttle  32  is  within  76.2  mm  Hg  (3  in  Hg)  of  atmospheric  pressure. 
As  will  be  described  in  reference  to  Figures  3a  and  3b,  when  a  predetermined  drivetrain  torque  exceeds 

a  predetermined  limit  resulting  from  the  boost  pressure  provided  by  the  supercharger  52,  the  duty  cycle  value 
of  the  signal  controlling  the  solenoid  valve  74  is  decreased  from  100%  to  apply  boost  pressure  to  the  pressure 
chamber  66  in  varying  degrees  so  as  to  increase  the  pressure  in  the  pressure  chamber  66  from  atmospheric 

20  pressure  towards  the  boost  pressure  in  the  intake  manifold.  By  adjusting  the  duty  cycle  of  the  control  signal 
for  the  solenoid  valve  74  on  the  basis  of  the  error  between  the  predetermined  drivetrain  torque  and  the  pre- 
determined  limit,  the  bypass  valve  60  is  positioned  to  an  intermediate  position  establishing  a  boost  pressure 
less  than  maximum,  at  which  the  drivetrain  torque  is  equal  to  the  predetermined  limit. 

The  supercharger  boost  control  routine  repeatedly  executed  by  the  control  unit  at  the  appropriate  interrupt 
25  interval  is  illustrated  in  Figures  3a  and  3b.  The  routine  is  entered  at  step  76  and  proceeds  to  measure  the  period 

during  which  the  fuel  system  of  the  engine  10  is  operating  in  a  power  enrichment  mode.  First,  at  step  78  it  is 
determined  whether  the  engine  10  is  operating  in  a  power  enrichment  mode.  Operation  in  a  power  enrichment 
mode  may  be  determined  from  a  flag  set  by  the  fuel  control  algorithm  or,  alternatively,  determined  by  observing 
the  power  enrichment  enabling  conditions.  By  way  of  example,  power  enrichment  may  be  enabled  when  the 

30  throttle  position  signal  TP  indicates  a  position  of  the  throttle  32  greaterthan  a  calibration  reference.  If  operation 
in  a  power  enrichment  mode  is  determined,  a  power  enrichment  timer  is  incremented  at  step  80,  or  otherwise 
decremented  towards  a  limit  of  zero  at  step  82. 

Step  84  determines  whether  conditions  exist  in  which  it  is  desired  to  disable  boost  or  limit  boost  by  applying 
full  pressure  to  the  pressure  chamber  66  of  the  valve  actuator  62.  This  has  the  effect  of  opening  the  bypass 

35  valve  60  whenever  the  amount  of  pressure  boost  exceeds  the  reference  established  by  the  spring  70.  Condi- 
tions  in  which  it  may  be  desirable  to  disable  or  limit  boost  pressure  may  include  operation  of  the  transmission 
14  in  reverse  gear  or  sensed  engine/vehicle  operating  fault  conditions.  If  any  of  these  conditions  exist,  the  duty 
cycle  of  the  control  signal  for  the  solenoid  74  is  set  at  step  86  to  0%  to  apply  the  output  boost  pressure  (manifold 
pressure)  to  the  control  valve  62. 

40  The  next  series  of  steps  88  to  100  determine  in  which  gear  the  transmission  is  operating.  In  this  embodi- 
ment,  it  is  assumed  that  the  transmission  14  has  four  forward  gear  ratios.  At  step  88,  a  gear  pointer  is  initialized 
to  the  number  3.  This  number  will  be  more  of  less  than  3  if  the  transmission  has  more  or  less  forward  gear 
ratios.  Step  90  determines  if  the  transmission  is  in  fourth  gear. 

This  information  as  well  as  the  operation  of  the  transmission  in  the  other  gears  is  based  on  the  gear  ratio 
45  being  commanded  by  the  control  unit  36  in  operation  of  its  transmission  control  routine.  If  not  operating  in  fourth 

gear,  the  gear  pointer  is  decremented  at  step  92.  Otherwise,  the  remainder  of  this  series  of  steps  is  bypassed. 
Following  step  92,  step  94  determines  if  the  transmission  is  in  third  gear.  If  not,  the  gear  pointer  is  decre- 

mented  at  step  96.  Otherwise,  the  remainder  of  this  series  of  steps  is  bypassed. 
Following  step  96,  step  98  determines  if  the  transmission  is  in  second  gear.  If  not,  the  gear  pointer  is  de- 

50  cremented  at  step  100.  Otherwise,  step  100  is  bypassed.  The  pointer  value  resulting  from  this  series  of  steps 
represents  the  transmission  operating  gear. 

The  next  step,  step  1  02,  determines  the  maximum  allowable  torque  input  value  MXTQ  to  the  transmission 
14,  which  is  determined  as  a  function  of  the  output  torque  of  the  torque  converter  12.  In  this  embodiment,  there 
is  a  torque  limit  value  MXTQ  associated  with  each  of  the  transmission  gears.  These  values  are  predetermined 

55  based  on  transmission  design  and,  in  order  to  ensure  high  transmission  reliability,  may  not  be  exceeded.  The 
predetermined  values  are  stored  in  permanent  memory  in  the  control  unit  36  as  a  function  of  transmission  gear. 
The  appropriate  torque  output  limit  value  MXTQ  of  the  torque  converter  12  is  retrieved  from  memory  at  step 
102  on  the  basis  of  the  transmission  gear  represented  by  the  final  value  of  the  gear  pointer. 
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It  is  desirable  to  limit  the  drivetrain  torque  output  further  during  hot  engine  operation  to  assist  in  engine 
cooling.  In  this  embodiment,  a  hot  engine  condition  is  indicated  if  the  fuel  control  algorithm  is  controlling  fuel 
on  the  basis  of  a  hot  open  loop  routine.  Operation  in  a  hot  open  loop  mode  may  be  determined  from  a  flag  set 
by  the  fuel  control  algorithm  or  alternatively  determined  by  observing  the  hot  open  loop  enabling  conditions. 

5  Byway  of  example,  hot  engine  operation  may  be  represented  by  a  value  of  coolant  temperature  TEMP  greater 
than  a  calibration  value  in  combination  with  a  vehicle  speed  value  SPD  greater  than  a  calibration  value  for  a 
predetermined  time  period.  Step  1  04  determines  if  a  hot  engine  operating  condition  exists,  for  example  by  de- 
termining  whether  the  engine  is  above  a  predetermined  threshold  temperature.  If  so,  the  maximum  allowable 
torque  output  value  for  the  torque  converter  12  which  was  determined  at  step  102  on  the  basis  of  transmission 

10  gear  is  reduced  at  step  106  by  a  factor  KNOl,  which  is  a  multiplier  having  a  value  less  than  unity. 
Extended  power  enrichment  with  high  powertrain  torque  output  may  result  in  excessive  piston  heating  con- 

ditions.  To  prevent  overheating,  the  maximum  torque  limit  MXTQ  is  reduced  when  the  engine  10  is  operated 
in  a  power  enrichment  mode  for  an  extended  period  of  time.  This  condition  is  sensed  at  step  108,  which  de- 
termines  whether  the  power  enrichment  timer  controlled  at  steps  80  and  82  exceeds  a  predetermined  count 

15  TPE.  If  the  extended  power  enrichment  condition  is  sensed,  the  maximum  allowable  torque  output  value  MXTQ 
for  the  torque  converter  12  is  reduced  at  step  110  by  a  factor  KPE  which  is  a  multiplier  having  a  value  less  than 
unity. 

At  step  112,  a  negative  torque  error  flag  is  cleared  after  which  the  value  of  torque  error  is  determined  at 
step  114  by  subtracting  the  actual  torque  output  of  the  torque  converter  12  from  the  maximum  torque  limit  value 

20  MXTQ.  It  should  be  noted  here  that  the  sign  of  the  error  is  negative  when  there  is  excessive  torque  output 
from  the  torque  converter  12. 

The  actual  torque  output  of  the  torque  converter  12  is  obtained  by  first  determining  the  output  torque  of 
the  engine  10.  The  manner  in  which  this  torque  value  is  computed  is  well  known  and  may  take  the  form  of  the 
expression: 

25  Engine  Torque  =  [(Scaling  Constant)* 
(A/F  Efficiency  Term)* 
(Airflow/Engine  Speed)]- 
Friction  Torque; 

in  which  the  A/F  Efficiency  Term  is  a  calibration  term  determined  by  testing  using  a  torque  sensor  which  cor- 
30  relates  the  response  of  the  engine  due  to  fuelling  under  wide  open  throttle  operation;  and  the  Friction  Torque 

term  is  predetermined  function  of  factors  including  engine  speed  and  temperature.  The  actual  torque  output 
of  the  torque  converter  12  is  then  obtained  by  multiplying  the  engine  torque  by  a  factor  which  is  a  predetermined 
function  of  the  engine  speed. 

If  the  next  step,  step  116  determines  that  the  torque  error  is  negative,  step  118  sets  a  negative  torque 
35  error  flag.  This  flag  is  used  later  to  determine  the  direction  of  adjustment  of  the  duty  cycle  of  the  control  signal 

used  to  control  the  solenoid  74.  Next,  at  step  120,  a  value  ABTQER  is  set  equal  to  the  absolute  value  of  the 
torque  error. 

At  step  122,  a  malfunction  subroutine  is  executed  to  determine  if  a  fault  condition  exists.  This  routine  will 
be  described  in  reference  to  Figure  4. 

40  Steps  124  to  136  provide  for  closed  loop  adjustment  of  the  torque  output  of  the  torque  converter  12  to  limit 
the  torque  output  at  the  limit  value  MXTQ.  The  closed  loop  adjustment  includes  integral  and  proportional  terms 
for  adjusting  the  duty  cycle  of  the  signal  to  the  solenoid  74,  and  therefore  of  the  pressure  in  the  chamber  66. 
As  previously  described,  increasing  the  duty  cycle  of  the  signal  varies  the  pressure  towards  atmospheric  pres- 
sure,  while  decreasing  the  duty  cycle  varies  the  pressure  towards  the  boosted  engine  manifold  pressure.  At 

45  1  00%  duty  cycle,  the  pressure  is  at  atmospheric  pressure  and  no  torque  limiting  results.  At  0%  duty  cycle,  the 
pressure  is  at  the  boosted  manifold  pressure  resulting  in  a  maximum  opening  of  the  bypass  valve  for  maximum 
torque  limiting.  By  control  of  the  duty  cycle  to  intermediate  values,  variable  regulation  of  the  output  torque  of 
the  torque  converter  is  possible. 

At  step  124,  the  proportional  term  of  the  closed  loop  adjustment  of  the  duty  cycle  is  determined.  This  pro- 
50  portional  term  is  equal  to  the  absolute  torque  error  ABTQER  multiplied  by  a  gain  factor  KPROp.  At  step  126,  the 

amount  of  change  INTA  in  the  integral  term  of  the  closed  loop  adjustment  of  the  duty  cycle  is  determined.  This 
change  is  equal  to  the  absolute  torque  error  ABTQER  multiplied  by  a  gain  factor  K!NT. 

Step  128  determines  if  the  actual  output  torque  of  the  torque  converter  12  is  greater  than  or  less  than  the 
limit  torque  value  MXTQ,  by  sampling  the  state  of  the  torque  error  flag.  If  the  flag  is  cleared,  indicating  the 

55  actual  torque  is  less  than  the  limit  value,  step  130  determines  the  integral  term  INT  of  the  closed  loop  adjust- 
ment  by  adding  the  change  INTA  of  the  integral  term  determined  at  step  126  to  the  last  determined  value  of 
the  integral  term  INT  to  effect  an  increase  in  the  duty  cycle  of  the  control  signal  supplied  to  the  solenoid  74. 
At  step  132,  the  new  duty  cycle  of  the  control  signal  supplied  to  the  solenoid  74  is  obtained  by  adding  the  pro- 

5 
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portional  term  determined  at  step  124  to  the  integral  term  INT  determined  at  step  130.  As  long  as  the  output 
torque  is  less  than  the  limit  torque,  through  repeated  executions  of  the  foregoing  steps,  the  duty  cycle  of  the 
control  signal  is  progressively  increased  until  either  the  output  torque  becomes  excessive  or  until  a  100%  duty 
cycle  is  reached,  which  enables  maximum  boost  pressure. 

5  If  step  128  senses  that  the  torque  error  flag  is  set,  indicating  the  actual  torque  output  of  the  torque  con- 
verter  12  exceeds  the  maximum  allowable  torque  limit  value  MXTQ  thereby  requiring  a  reduction  in  the  boost 
pressure  in  order  to  establish  the  actual  torque  output  at  the  limit  value,  step  134  determines  the  integral  term 
INT  of  the  closed  loop  adjustment  by  subtracting  the  change  INTA  determined  at  step  126  from  the  last  deter- 
mined  value  of  the  integral  term  INT  to  effect  a  decrease  in  the  duty  cycle  of  the  control  signal  supplied  to  the 

10  solenoid  74.  At  step  136,  the  duty  cycle  of  the  control  signal  supplied  to  the  solenoid  74  is  determined  by  sub- 
tracting  the  proportional  term  determined  at  step  124  from  the  integral  term  INT  determined  at  step  134.  As 
long  as  the  output  torque  is  greater  than  the  limit  torque,  through  repeated  executions  of  the  foregoing  steps 
including  steps  134  and  136,  the  duty  cycle  of  the  control  signal  is  progressively  decreased  until  the  output 
torque  becomes  equal  to  the  limit  torque  value  MXTQ. 

15  As  long  as  the  maximum  possible  boost  pressure  resulting  from  the  bypass  valve  60  being  closed  results 
in  a  torque  output  of  the  torque  converter  12  greater  than  the  limit  torque  value  MXTQ,  repeated  executions 
of  steps  128  to  136  will  adjust  the  position  of  the  bypass  valve  to  an  intermediate  position  at  which  the  resulting 
actual  torque  output  is  equal  to  the  limit  torque  value. 

Referring  now  to  Figure  4,  in  which  the  malfunction  routine  122  of  Figure  3b  is  illustrated  in  further  detail. 
20  This  routine  is  entered  at  step  138  and  proceeds  to  a  step  140  where  an  engine  performance  value,  which  is 

the  computed  torque  output  of  the  torque  converter  12,  is  compared  to  a  calibration  constant  KEP.  When  the 
engine  performance  value  exceeds  KEP,  an  engine  condition  exists  in  which  the  regulation  of  Figure  3  may  not 
be  capable  of  reducing  the  torque  output  to  the  limit  value  even  at  0%  duty  cycle  of  the  control  signal.  For  ex- 
ample,  this  could  occur  at  cold  ambient  air  conditions.  When  this  condition  is  sensed,  a  fault  timer  is  cleared 

25  at  step  142.  If  this  condition  does  not  exist,  the  program  checks  at  step  144  if  the  duty  cycle  of  the  control 
signal  is  less  than  100%,  indicating  an  attempt  to  limit  torque  in  response  to  a  sensed  condition  of  excessive 
torque  output  of  the  torque  converter  12.  If  at  100%,  the  fault  timer  is  cleared  at  step  142.  If  less  than  100% 
duty  cycle,  step  145  determines  if  the  torque  is  excessive  (represented  by  the  torque  error  flag  controlled  by 
steps  112,  116  and  118  of  Figure  3a)  and  if  not,  the  fault  timer  is  cleared  at  step  142. 

30  If  the  system  is  limiting  torque  (step  144  =  Yes)  and  the  actual  torque  output  is  still  excessive  (step  145  = 
Yes),  step  146  checks  to  see  if  the  torque  error  ABTQER  (determined  at  step  120  of  Figure  3b)  is  greater  than 
a  threshold  value  KM.  If  greater,  the  fault  timer  is  incremented  at  step  148,  after  which  step  150  determines  if 
the  fault  timer  value  exceeds  a  calibration  time  TF  within  which  the  torque  routine  would  normally  reduce  the 
torque  error  to  within  the  threshold  value.  If  the  fault  time  exceeds  TF,  a  fault  condition  exists  and  step  152 

35  provides  for  an  indication  of  the  fault  condition.  This  indication  may  be  the  storing  of  the  fault  condition  in  mem- 
ory  and/or  the  signalling  to  the  vehicle  driver  of  the  fault  condition.  If  the  fault  time  has  not  exceeded  the  thresh- 
old  TF,  step  152  is  bypassed. 

Returning  to  step  146,  if  the  torque  error  does  not  exceed  the  threshold  KM,  the  fault  timer  is  sampled  and 
compared  to  zero.  If  not  zero,  the  timer  is  decremented  at  step  156.  When  the  fault  timer  is  at  zero,  the  fault 

40  indication  is  cleared  at  step  158  after  which  the  fault  timer  is  cleared  at  step  142. 

Claims 

45  1.  A  method  of  regulating  the  boost  pressure  output  of  a  supercharger  for  an  internal  combustion  engine  of 
a  vehicle,  which  vehicle  comprises  a  drivetrain,  comprising  the  steps  of  determining  an  output  torque  value 
(TQactual)  at  a  predetermined  point  in  the  drivetrain;  determining  a  torque  error  as  the  amount  by  which 
the  determined  output  torque  value  exceeds  a  maximum  torque  limit  (MXTQ);  and  decreasing  the  boost 
pressure  output  of  the  supercharger  (52)  in  response  to  the  determined  torque  error  to  establish  the  de- 

50  termined  output  torque  at  the  maximum  torque  limit,  thereby  to  limit  the  determined  output  torque  value 
to  the  maximum  torque  limit. 

2.  A  method  according  to  claim  1,  comprising  the  step  of  reducing  the  maximum  torque  limit  (MXTQ)  by  a 
predetermined  amount  (KNDL,KPE)  in  response  to  a  predetermined  engine  condition. 

55 
3.  A  method  according  to  claim  2,  wherein  the  predetermined  engine  condition  includes  engine  temperature, 

the  method  comprising  the  steps  of  decreasing  the  maximum  torque  limit  (MXTQ)  by  a  predetermined 
amount  (KNDL)  when  the  engine  temperature  is  determined  to  be  above  a  predetermined  threshold. 

6 
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4.  A  method  according  to  claim  2  or  3,  wherein  the  predetermined  engine  condition  includes  operation  under 
a  rich  air/fuel  mixture,  the  method  including  the  steps  of  sensing  whether  the  engine  is  operating  under 
a  rich  air/fuel  mixture;  measuring  an  enrichment  time  representative  of  the  time  during  which  the  engine 
operates  under  a  rich  air/fuel  mixture;  and  decreasing  the  maximum  torque  limit  (MXTQ)  by  a  predeter- 
mined  amount  (KPE)  when  the  enrichment  time  exceeds  a  predetermined  value  (TPE). 

5.  A  method  according  to  any  preceding  claim,  wherein  for  an  internal  combustion  engine  comprising  a  driv- 
etrain  which  includes  a  torque  converter  for  driving  an  automatic  transmission  having  a  predetermined 
number  of  selectively  operable  gear  ratios,  a  maximum  torque  limit  (MXTQ)  is  stored  for  each  gear  ratio 
of  the  transmission,  the  torque  output  value  (TQACTUAL)  is  determined  from  the  output  of  the  torque  con- 
verter,  and  the  determined  torque  output  value  is  compared  to  the  stored  maximum  torque  limit  associated 
with  the  selected  gear  ratio. 

6.  A  method  according  to  claim  5,  wherein  the  maximum  torque  limit  (MXTQ)  for  each  gear  ratio  is  a  prede- 
termined  maximum  allowable  torque  input  value. 

7.  Apparatus  for  regulating  the  boost  pressure  output  of  a  supercharger  for  an  internal  combustion  engine 
of  a  vehicle,  which  vehicle  comprises  a  drivetrain;  the  apparatus  comprising  sensing  means  (20,36)  for 
determining  an  output  torque  value  (TQACTUAJ  at  a  predetermined  point  in  the  drivetrain;  processing 
means  (36)  for  determining  a  torque  error  as  the  amount  by  which  the  determined  output  torque  value 
and  a  maximum  torque  limit  (MXTQ);  and  means  (60,62)  for  decreasing  the  boost  pressure  output  of  the 
supercharger  (52)  in  response  to  the  determined  torque  error  to  establish  the  determined  output  torque 
at  the  maximum  torque  limit,  thereby  to  limit  the  determined  output  torque  value  to  the  maximum  torque 
limit. 

8.  Apparatus  according  to  claim  7,  wherein  the  processing  means  (36)  is  adapted  to  reduce  the  maximum 
torque  limit  (MXTQ)  by  a  predetermined  amount  (KNDL,KPE)  in  response  to  a  predetermined  engine  con- 
dition. 

9.  Apparatus  according  to  claim  8,  wherein  the  processing  means  (36)  is  adapted  to  decrease  the  maximum 
torque  limit  (MXTQ)  by  a  predetermined  amount  (KmDL)  when  the  engine  temperature  is  determined  to  be 
above  a  predetermined  threshold. 

10.  Apparatus  according  to  claim  8  or  9,  wherein  the  processing  means  (36)  is  adapted  to  measure  an  en- 
richment  time  representative  of  the  time  during  which  the  engine  operates  under  a  rich  air/fuel  mixture; 
and  to  decrease  the  maximum  torque  limit  (MXTQ)  by  a  predetermined  amount  (KPE)  when  the  enrichment 
time  exceeds  a  predetermined  value  (TPE)  . 

Patentanspruche 

1.  Ein  Verfahren  zum  Regeln  der  Ladedruckabgabe  eines  Aufladers  fur  einen  Verbrennungsmotor  eines 
Fahrzeuges,  wobei  das  Fahrzeug  einen  Antriebsstrang  aufweist,  mit  den  Schritten,  dali  ein  Abgabedreh- 
momentwert  (TQACTUAJ  bei  einem  vorher  bestimmten  Punkt  in  dem  Antriebsstrang  bestimmt  wird;  ein 
Drehmomentfehler  als  der  Betrag  bestimmt  wird,  urn  welchen  der  bestimmte  Abgabedrehmomentwert  ei- 
ne  maximale  Drehmomentbeschrankung  (MXTQ)  ubersteigt;  und  die  Ladedruckabgabe  des  Aufladers 
(52)  als  Antwortauf  den  bestimmten  Drehmomentfehler  verringert  wird,  urn  das  bestimmte  Abgabedreh- 
moment  bei  der  maximalen  Drehmomentbeschrankung  einzustellen,  urn  dadurch  den  bestimmten  Abga- 
bedrehmomentwert  auf  die  maximale  Drehmomentbeschrankung  zu  begrenzen. 

2.  Ein  Verfahren  nach  Anspruch  1  mit  dem  Schritt,  dali  die  maximale  Drehmomentbeschrankung  (MXTQ) 
urn  einen  vorher  bestimmten  Betrag  (KNDL,KPE)  als  Antwort  auf  eine  vorher  bestimmte  Motorbedingung 
reduziert  wird. 

3.  Ein  Verfahren  nach  Anspruch  2,  worin  die  vorher  bestimmte  Motorbedingung  eine  Motortemperatur  ein- 
schlielit,  wobei  das  Verfahren  die  Schritte  aufweist,  dali  die  maximale  Drehmomentbeschrankung  (MXTQ)  urn 
einen  vorher  bestimmten  Betrag  (KNDL)  verringert  wird,  wenn  die  Motortemperatur  als  oberhalb  einer  vor- 
her  bestimmten  Schwelle  gelegen  bestimmt  wird. 
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4.  Ein  Verfahren  nach  Anspruch  2  oder  3,  worin  die  vorher  bestimmte  Motorbedingung  einen  Betrieb  mit  ei- 
nem  reichen  Luf  t/Kraf  tstoffgemisch  einschlielit,  wobei  das  Verfahren  die  Schritte  einschlielit,  dali  gemes- 
sen  wird,  ob  der  Motor  mit  einem  reichen  Luf  t/Kraf  tstoffgemisch  arbeitet;  eine  Steigerungszeit  gemessen 
wird,  die  reprasentativ  fur  die  Zeit  ist,  wahrend  der  der  Motor  mit  einem  reichen  Luft/Kraftstoffgemisch 
arbeitet;  und  die  maximale  Drehmomentbeschrankung  (MXTQ)  urn  einen  vorher  bestimmten  Betrag  (KPE) 
verringert  wird,  wenn  die  Steigerungszeit  einen  vorher  bestimmten  Wert  (TPE)  ubersteigt. 

5.  Ein  Verfahren  nach  irgendeinem  vorhergehenden  Anspruch,  worin  fur  einen  Verbrennungsmotor  mit  ei- 
nem  Antriebsstrang,  der  einen  Drehmomentwandlerzum  Antreiben  eines  automatischen  Getriebes  mitei- 
ner  vorher  bestimmten  Anzahl  selektiv  betreibbarer  Ubersetzungsverhaltnisse  einschlielit,  eine  maximale 
Drehmomentbeschrankung  (MXTQ)  furjedes  Ubersetzungsverhaltnis  des  Getriebes  gespeichert  wird, 
der  Drehmomentabgabewert  (TQACTUAL)  aus  der  Abgabe  des  Drehmomentwandlers  bestimmt  wird  und 
der  bestimmte  Drehmomentabgabewert  mit  der  gespeicherten,  maximalen  Drehmomentbeschrankung, 
die  dem  gewahlten  Ubersetzungsverhaltnis  zugeordnet  ist,  verglichen  wird. 

6.  Ein  Verfahren  nach  Anspruch  5,  worin  die  maximale  Drehmomentbeschrankung  (MXTQ)  furjedes  Uber- 
setzungsverhaltnis  ein  vorher  bestimmter,  maximaler,  zulassiger  Drehmomenteingangswert  ist. 

7.  Gerat  zum  Regeln  der  Ladedruckabgabe  eines  Aufladers  fur  einen  Verbrennungsmotor  eines  Fahrzeu- 
ges,  wobei  das  Fahrzeug  einen  Antriebsstrang  aufweist;  wobei  das  Gerat  aufweist  Melimittel  (20,  36)  zum 
Bestimmen  eines  Abgabedrehmomentwertes  (TQACTUAL)  bei  einem  vorher  bestimmten  Punkt  in  dem  An- 
triebsstrang;  Verarbeitungsmittel  (36)  zum  Bestimmen  eines  Drehmomentfehlers  als  der  Betrag,  urn  wel- 
chen  der  bestimmte  Abgabedrehmomentwert  eine  maximale  Drehmomentbeschrankung  (MXTQ)  uber- 
steigt;  und  Mittel  (60,  62)  zum  Verringern  der  Ladedruckabgabe  des  Aufladers  (52)  als  Antwort  auf  den 
bestimmten  Drehmomentfehler,  urn  das  bestimmte  Abgabedrehmoment  bei  der  maximalen  Drehmoment- 
beschrankung  einzustellen,  urn  dadurch  den  bestimmten  Abgabedrehmomentwert  auf  die  maximale  Dreh- 
momentbeschrankung  zu  begrenzen. 

8.  Gerat  nach  Anspruch  7,  worin  das  Verarbeitungsmittel  (36)  die  maximale  Drehmomentbeschrankung  (MXTQ) 
urn  einen  vorher  bestimmten  Betrag  (KNDL,  KPE)  als  Antwort  auf  eine  vorher  bestimmte  Motorbedingung 
reduzieren  kann. 

9.  Gerat  nach  Anspruch  8,  worin  das  Verarbeitungsmittel  (36)  die  maximale  Drehmomentbeschrankung  (MXTQ) 
urn  einen  vorher  bestimmten  Betrag  (KNDL)  verringern  kann,  wenn  die  Motortemperaturalsoberhalbeiner 
vorher  bestimmten  Schwelle  gelegen  bestimmt  wird. 

10.  Gerat  nach  Anspruch  8  oder  9,  worin  das  Verarbeitungsmittel  (36)  eine  Steige  rungszeit  messen  kann, 
die  fur  die  Zeit  reprasentativ  ist,  wahrend  der  der  Motor  mit  einem  reichen  Luft/Kraftstoffgemisch  arbeitet; 
und  die  maximale  Drehmomentbeschrankung  (MXTQ)  urn  einen  vorher  bestimmten  Betrag  (KPE)  verrin- 
gern  kann,  wenn  die  Steigerungszeit  einen  vorher  bestimmten  Wert  (TPE)  ubersteigt. 

Revendications 

1.  Precede  de  regulation  de  la  sortie  de  pression  de  sural  imentation  d'un  appareil  de  suralimentation  pour 
moteur  a  combustion  interne  de  vehicule,  lequel  vehicule  comprend  une  chaTne  cinematique,  comprenant 
les  phases  consistant  a  determiner  une  valeur  de  couple  de  sortie  (TQREEL)  a  un  point  predetermine  de 
la  chaTne  cinematique  ;  determiner  une  erreur  de  couple  representee  par  la  quantite  dont  la  valeur  de  cou- 
ple  de  sortie  determinee  excede  une  limite  de  couple  maximum  (MXTQ)  ;  et  reduire  la  sortie  de  pression 
de  suralimentation  de  I'appareil  de  suralimentation  (52)  en  reponse  a  I'erreurde  couple  determinee  pour 
regler  le  couple  de  sortie  determine  sur  la  limite  de  couple  maximum,  de  maniere  a  limiter  la  valeur  de 
couple  de  sortie  determinee  a  la  limite  maximum. 

2.  Procede  selon  la  revendication  1  ,  comprenant  la  phase  consistant  a  reduire  la  limite  de  couple  maximum 
(MXTQ)  d'une  quantite  predeterminee  (KNDL,  KPE)  en  reponse  a  une  condition  predeterminee  du  moteur. 

3.  Procede  selon  la  revendication  2,  dans  lequel  la  condition  predeterminee  du  moteur  comprend  la  tempe- 
rature  du  moteur,  le  procede  comprenant  les  phases  consistant  a  abaisser  la  limite  de  couple  maximum 
(MXTQ)  d'une  quantite  predeterminee  (KNDL)  lorsque  la  temperature  du  moteur  est  constatee  superieure 
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a  un  seuil  predetermine. 

Procede  selon  la  revendication  2  ou  3,  dans  lequel  la  condition  predeterminee  du  moteur  comprend  le 
fonctionnement  avec  melange  air/carburant  riche,  le  procede  comprenant  les  phases  consistant  a  detecter 
si  le  moteur  travaille  avec  un  melange  air/carburant  riche  ;  mesurer  un  temps  d'enrichissement  represen- 
tatif  du  temps  pendant  lequel  le  moteur  travaille  avec  un  melange  air/carburant  riche  ;  et  abaisser  la  limite 
de  couple  maximum  (MXTQ)  d'une  quantite  predeterminee  (KPE)  lorsque  le  temps  d'enrichissement  ex- 
cede  une  valeur  predeterminee  (TPE). 

Procede  selon  une  quelconque  des  revendications  precedentes,  dans  lequel,  pour  un  moteur  a  combus- 
tion  interne  comprenant  une  chaTne  cinematique  qui  comprend  un  convertisseur  de  couple  pourentraTner 
une  boTte  de  vitesses  automatique  ayant  un  nombre  predetermine  de  rapports  d'engrenage  pouvant  etre 
mis  selectivement  en  action,  une  limite  de  couple  maximum  (MXTQ)  est  memorisee  pourchaque  rapport 
d'engrenage  de  la  boTte  de  vitesses,  la  valeur  de  sortie  de  couple  (TQREEL)  est  determinee  a  partir  de  la 
sortie  du  convertisseur  de  couple  et  la  valeur  de  sortie  de  couple  determinee  est  comparee  a  la  limite  de 
couple  memorisee  associee  au  rapport  d'engrenage  selectionne. 

Procede  selon  la  revendication  5,  dans  lequel  la  limite  de  couple  maximum  (MXTQ)  pour  chaque  rapport 
d'engrenage  est  une  valeur  predeterminee  d'entree  de  couple  admissible  maximum. 

Dispositif  pour  la  regulation  de  sortie  de  la  pression  de  suralimentation  d'un  appareil  de  suralimentation 
pour  un  moteur  a  combustion  interne  de  vehicule,  lequel  vehicule  comprend  une  chaTne  cinematique  ;  le 
dispositif  comprenant  des  moyens  capteurs  (20,  36)  servant  a  determiner  une  valeur  de  couple  de  sortie 
(TQREEL)  a  un  point  predetermine  de  la  chaTne  cinematique  ;  des  moyens  de  traitement  (36)  servant  a  de- 
terminer  une  erreur  de  couple,  representee  par  la  quantite  entre  la  valeur  de  couple  de  sortie  determinee 
et  une  limite  de  couple  maximum  (MXTQ)  ;  et  des  moyens  (60,  62)  servant  a  reduire  la  sortie  de  pression 
de  suralimentation  de  I'appareil  de  suralimentation  (52)  en  reponse  a  I'erreurde  couple  determinee  pour 
regler  le  couple  de  sortie  determine  sur  la  limite  de  couple  maximum,  pour  limiter  ainsi  la  valeur  de  couple 
de  sortie  determinee  a  la  limite  de  couple  maximum. 

Dispositif  selon  la  revendication  7,  dans  lequel  les  moyens  de  traitement  (36)  sont  adaptes  pour  abaisser 
la  limite  de  couple  maximum  (MXTQ)  d'une  quantite  predeterminee  (KNDL,  KPE)  en  reponse  a  une  condition 
predeterminee  du  moteur. 

Dispositif  selon  la  revendication  8,  dans  lequel  les  moyens  de  traitement  (36)  sont  adaptes  pour  abaisser 
la  limite  de  couple  maximum  (MXTQ)  d'une  quantite  predeterminee  (KNDL)  lorsque  la  temperature  du  mo- 
teur  est  constatee  superieure  a  un  seuil  predetermine. 

Dispositif  selon  la  revendication  8  ou  9,  dans  lequel  les  moyens  de  traitement  (36)  sont  adaptes  pour  me- 
surer  un  temps  d'enrichissement  representatif  du  temps  pendant  lequel  le  moteur  travaille  avec  un  me- 
lange  air/carburant  riche  ;  et  pour  abaisser  la  limite  de  couple  maximum  (MXTQ)  d'une  quantite  predeter- 
minee  (KPE)  lorsque  le  temps  d'enrichissement  excede  une  valeur  predeterminee  (TPE). 
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