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Description 

This  invention  relates  to  a  method  of  adaptively 
correcting  the  operation  of  a  shift  control  system 
for  a  motor  vehicle  multiple  speed-ratio  automatic 
transmission  as  specified  in  the  preamble  of  claim  1  , for  example  as  disclosed  in  US-A  4  283  970  provid- 
ing  an  adaptive  electronic  control  system  for  con- 
trolling  the  line  pressure  of  an  automatic  transmis- 
sion  in  accordance  with  variable  vehicle  operating 
parameters  wherein  vehicle  and  transmission  per- 
formance  variations  in  general  are  compensated 
for. 

in  the  first  embodiment  of  US-A  4  283  970  the 
electrical  signal  indicative  of  the  desired  transmis- 
sion  line  pressure  is  modified  as  a  function  of  the 
difference  between  the  actual  time  period  taken  to 
shift  from  a  first  gear  ratio  to  a  second  gear  ratio 
and  a  desired  time  period  for  executing  the  shift. 

Motor  vehicle  transmissions  generally  include 
selectively  engageable  gear  elements  for  providing 
two  or  more  forward  speed  ratios  by  means  of  which 
engine  output  torque  is  applied  to  the  vehicle  drive 
wheels.  In  automatic  transmissions,  the  gear  ele- 
ments  which  provide  the  various  speed  ratios  are 
selectively  activated  by  means  of  fluid-operated 
torque-establishing  devices  such  as  clutches  and 
brakes.  The  brake  can  be  of  the  band  or  disc  type; 
engineering  personnel  in  the  automotive  art  refer  to 
disc-type  brakes  in  transmissions  as  clutches  or 
clutching  devices.  Thus,  shifting  from  one  speed  ra- 
tio  to  another  generally  involves  releasing 
(disengaging)  the  clutch  associated  with  the  current 
speed  ratio  and  applying  (engaging)  the  clutch  asso- 
ciated  with  the  desired  speed  ratio.  The  clutch  to  be 
released  is  referred  to  as  the  off-going  clutch, 
whereas  the  clutch  to  be  applied  is  referred  to  as 
the  on-coming  clutch.  There  is  generally  a  slight 
overlap  between  release  and  apply,  and  high-quali- 
ty  shifts  are  achieved  only  when  the  release  and  ap- 
ply  are  properly  timed  and  executed. 

Conventionally,  the  control  of  shifting  in  an  auto- 
matic  transmission  is  performed  with  hydraulic  logic 
and  servo  elements  responsive  to  various  system 
parameters  such  as  vehicle  speed  and  throttle  posi- 
tion.  Fluid  pressure  signals  representative  of  the 
various  system  parameters  are  processed  to  deter- 
mine  when  a  shift  is  in  order,  and  spring  elements 
and  fluid  orifices  within  the  servo  elements  deter- 
mine  the  timing  calibration  for  the  release  and  apply 
of  the  respective  clutching  devices. 

To  overcome  certain  disadvantages  of  hydraulic 
control,  it  has  been  proposed  to  perform  at  least 
some  of  the  transmission  control  functions  electron- 
ically.  For  example,  one  suggestion  has  been  to 
electronically  determine  the  desired  speed  ratio 
based  on  measured  system  parameters,  and  direct- 
ly  control  the  supply  of  fluid  to  the  respective 
clutching  elements  to  effect  shifting  from  one  speed 
ratio  to  another.  The  advantages  of  electronic  con- 
trol  include  reduced  hardware  complexity,  in- 
creased  reliability  and  greater  control  flexibility. 

An  example  of  an  electronic  control  system  for  an 
automatic  transmission  is  the  system  disclosed  in 
the  aforesaid  US-A-3  688  607,  the  said  system  uti- 

lising  a  closed-loop  control  in  which  the  speed  rate 
of  change  of  a  specified  transmission  element  is 
made  to  conform  to  a  reference  rate. 

The  present  invention,  on  the  other  hand,  is  con- 
5  cerned  with  an  open-loop  control. 

In  an  open-loop  control,  the  fluid  valves  are  con- 
trolled  in  accordance  with  a  predetermined  schedule 
to  effect  apply  and  release  of  the  various  transmis- 
sion  clutching  devices,  and  the  control  is  not 

10  changed  in  the  course  of  a  shift  in  accordance  with 
a  measure  of  a  controlled  parameter.  Such  pure 
open-loop  control  of  the  clutching  devices  is  ac- 
ceptable  as  long  as  there  are  no  significant  varia- 
tions  in  the  engine  and  transmission  operating  char- 

15  acteristics,  and  no  significant  assembly  tolerances. 
However,  engine  and  transmission  operating  char- 
acteristics  do  change  with  time,  and  the  production 
assembly  tolerances  may  result  in  significant  vehi- 
cle-to-vehicle  variability.  As  a  result,  control 

20  schedules  that  produce  acceptable  ratio  shifting  in 
one  vehicle  may  produce  unacceptable  ratio  shift- 
ing  in  another  vehicle. 

The  present  invention  is  primarily  concerned  with 
the  provision  of  an  improved  open-loop  direct-pres- 

25  sure  shift  control  method  wherein  the  control  is 
adaptively  compensated  in  the  course  of  its  opera- 
tion  for  variations  in  the  operating  characteristics 
of  the  engine  and  transmission. 

To  this  end  a  method  of  adaptively  correcting  the 
30  operation  of  a  shift  control  system  for  a  motor  vehi- 

cle  multiple  speed-ratio  automatic  transmission  in 
accordance  with  the  present  invention  is  character- 
ised  by  the  features  specified  in  the  characterising 
portion  of  claim  1  . 

35  Such  a  method  in  accordance  with  the  present  in- 
vention  permits  adaptive  correction  of  perform- 
ance  deficiencies  in  the  control  due  to  vehicle-to- 
vehicle  variability  and  wear. 

In  its  basic  form,  the  control  system  directs  the 
40  supply  of  fluid  pressure  to  the  transmission  clutch- 

ing  devices  in  accordance  with  empirically  derived 
schedules  as  a  function  of  operator  demand  and 
various  vehicle  parameters.  In  the  course  of  shift- 
ing  from  one  speed  ratio  to  another,  certain  operat- 

45  ing  parameters  of  the  transmission  are  monitored  as 
an  indication  of  shift  quality.  If  the  monitored  param- 
eters  indicate  that  a  particular  shift  did  not 
progress  in  an  optimum  manner,  the  controller  de- 
velops  corrections  for  the  empirically  derived 

50  schedules  involved  in  the  shift,  so  that  when  the 
shift  is  repeated  at  a  later  point  it  will  be  performed 
in  a  more  nearly  optimum  manner. 

More  particularly,  the  present  invention  ad- 
dresses  the  fill  or  preparation  phase  of  ratio  shift- 

55  ing. 
The  fill  phase  is  defined  as  the  portion  of  the  shift 

during  which  the  on-coming  clutching  device  is  filled 
with  hydraulic  fluid:  the  fill  phase  begins  at  the  start 
of  fill  and  ends  when  the  clutching  device  is  pre- 

60  pared  to  exert  torque  on  the  drive-line.  The  fill 
phase  is  carried  out  by  supplying  fluid  to  the  on- 
coming  clutching  device  for  a  predetermined  time, 
referred  to  herein  as  the  fill  time.  The  fill  times  are 
empirically  determined,  and  may  be  different  for 

65  each  clutching  device.  However,  various  sources 
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of  error  which  affect  the  fluid  supply  pressure  and 
the  volume  of  fluid  required  to  properly  fill  the 
clutching  device  can  cause  the  clutching  device  to 
be  overfilled  or  underfilled  at  the  end  of  the  fill  time. 
When  this  happens,  the  predetermined  fill  times  are 
no  longer  correct,  and  the  shift  quality  may  be  de- 
graded. 

Broadly,  the  control  of  the  fill  phase  is  adaptively 
compensated  in  conformity  with  the  present  inven- 
tion  by  detecting  the  time  at  which  the  transmission 
input  speed  begins  to  change  in  the  course  of  a  ra- 
tio  shift,  comparing  the  detected  time  with  a  refer- 
ence  or  expected  time,  and  if  necessary  developing 
a  correction  for  the  predetermined  or  scheduled  fill 
time.  In  the  context  of  the  present  invention,  the 
corrections  are  developed  and  applied  in  a  novel 
manner  designed  to  maximise  the  speed  of  conver- 
gence  while  minimising  the  converged  error.  In  addi- 
tion,  the  likelihood  of  misadjustment  due  to  an  erro- 
neous  indication  of  fill  time  error  is  minimised  by  se- 
lective  limiting  of  the  amount  of  correction. 

Co-pending  EP-patent  application  no  230  101 
(publ.  12.8.87)  of  even  date,  based  on  USSN 
802,676  filed  29  November  1985,  is  directed  to  an 
adaptive  control  for  the  completion  phase  of  a 
speed-ratio  shift  in  which  a  further  quantity  of  fluid 
is  supplied  to  the  on-coming  clutching  device  in  ac- 
cordance  with  a  predetermined  pressure  schedule 
in  order  to  initiate  and  progressively  increase  the 
transmission  of  torque  therethrough.  Such  control 
is  also  described  in  the  present  specification. 

In  the  drawings: 

Figures  1a  and  1b  schematically  depict  a  compu- 
ter-based  electronic  transmission  control  system 
for  carrying  out  a  method  in  accordance  with  the 
present  invention; 

Figure  2  graphically  depicts  various  parameters 
of  the  engine  and  transmission  in  the  course  of  a 
typical  upshift  using  the  system  shown  in  Figure  1  ; 

Figures  3  to  6  graphically  depict  certain  of  the  pa- 
rameters  shown  in  Figure  2  for  upshifts  in  which 
stored  fill  time  and  pressure  schedules  are  in  error; 

Figures  7  to  10  graphically  depict  adaptive  com- 
pensation  of  an  empirically  determined  fill  time  in  the 
system  shown  in  Figure  1  ,  with  Figure  7  depicting  the 
stored  fill  time  (tfjii)  vs.  working  pressure  aP  rela- 
tionship,  Figure  8  depicting  typical  fill  time  error  dis- 
tributions  for  converged  and  non-converged  sys- 
tems,  Figure  9  depicting  the  scheduling  of  fill  time 
corrections,  and  Figure  10  depicting  the  application 
of  the  corrections  to  the  stored  tfni  vs.  aP  relation- 
ship  of  Figure  7; 

Figures  1  1  and  12  graphically  depict  adaptive  com- 
pensation  of  the  empirically  determined  pressure 
schedules,  with  Figure  1  1  depicting  the  stored  pres- 
sure  aP  vs.  torque  variable  (Tv)  vs.  time  (t)  rela- 
tionship,  and  Figure  12  depicting  the  measurement 
of  a  predefined  inertia  phase  interval;  and 

Figures  13  to  17  depict  flow  diagrams  representa- 
tive  of  suitable  program  instructions  executed  by 
the  computer-based  controller  of  Figure  1  for  carry- 
ing  out  the  control  functions  in  conformity  with  the 
present  invention,  with  Figure  13  depicting  a  main 

loop  program,  Figures  14  and  15  depicting  pressure 
control  algorithms  for  a  typical  power-on  upshift, 
Figures  16a  to  16c  depicting  the  algorithm  for  adap- 
tive  fill  time  correction,  and  Figure  17  depicting  the 

5  algorithm  for  adaptive  pressure  correction. 

With  reference  now  to  the  drawings,  and  more 
particularly  to  Figures  1  a  and  1  b,  reference  numeral 
10  generally  designates  a  motor  vehicle  drive-train 

10  including  an  engine  12  and  a  parallel-shaft  transmis- 
sion  14  having  a  reverse  speed  ratio  and  four  for- 
ward  speed  ratios.  The  engine  12  includes  a  throttle 
mechanism  16  mechanically  connected  to  an  opera- 
tor-manipulated  device  such  as  an  accelerator  ped- 

is  al  (not  shown)  for  regulating  engine  output  torque, 
such  torque  being  applied  to  the  transmission  14  by 
way  of  the  engine  output  shaft  1  8.  The  transmission 
14  transmits  engine  output  torque  to  a  pair  of  drive 
axles  20  and  22  by  way  of  a  torque  converter  24 

20  and  one  or  more  of  a  plurality  of  fluid-operated 
clutching  devices  26  to  34,  such  clutching  devices 
being  applied  or  released  according  to  a  predeter- 
mined  schedule  for  establishing  the  desired  trans- 
mission  speed  ratio. 

25  With  reference  now  more  particularly  to  the 
transmission  14,  an  impeller  (input  member)  36  of  the 
torque  converter  24  is  connected  to  be  rotatably 
driven  by  the  output  shaft  1  8  of  the  engine  1  2  by  way 
of  an  input  shell  38.  A  turbine  (output  member)  40  of 

30  the  torque  converter  24  is  rotatably  driven  by  the 
impeller  36  by  fluid  transfer  therebetween  and  is 
connected  to  rotatably  drive  a  shaft  42.  A  stator 
member  44  redirects  the  fluid  which  couples  the  im- 
peller  36  to  the  turbine  40,  the  stator  being  connect- 

35  ed  by  way  of  a  one-way  device  46  to  the  housing  of 
the  transmission  14. 

The  torque  converter  24  also  includes  a  clutch- 
ing  device  26  comprising  a  clutch  plate  50  secured 
to  the  shaft  42.  The  clutch  plate  50  has  a  friction 

40  surface  52  formed  thereon  that  is  engageable  with 
the  inner  surface  of  the  input  shell  38  to  form  a  di- 
rect  mechanical  drive  between  the  engine  output 
shaft  18  and  the  transmission  shaft  42.  The  clutch 
plate  50  divides  the  space  between  the  input  shell 

45  38  and  the  turbine  40  into  two  fluid  chambers,  name- 
ly  an  apply  chamber  54  and  a  release  chamber  56. 
When  the  fluid  pressure  in  the  apply  chamber  54  ex- 
ceeds  that  in  the  release  chamber  56,  the  friction 
surface  52  of  the  clutch  plate  50  is  moved  into  en- 

50  gagement  with  the  input  shell  38  as  shown  in  Figure 
1  ,  thereby  engaging  the  clutching  device  26  to  pro- 
vide  a  mechanical  drive  connection  in  parallel  with 
the  torque  converter  24.  In  such  a  case,  there  is  no 
slippage  between  the  impeller  36  and  the  turbine  40. 

55  When  the  fluid  pressure  in  the  release  chamber  56 
exceeds  that  in  the  apply  chamber  54,  the  friction 
surface  52  of  the  clutch  plate  50  is  moved  out  of  en- 
gagement  with  the  input  shell  38,  thereby  uncoupling 
such  mechanical  drive  connection  and  permitting 

60  slippage  between  the  impeller  36  and  the  turbine  40. 
The  circled  numeral  5  represents  a  fluid  connection 
to  the  apply  chamber  54,  and  the  circled  numeral  6 
represents  a  fluid  connection  to  the  release  cham- 
ber  56. 

65  A  positive-displacement  hydraulic  pump  60  is  me- 
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chanically  driven  by  the  engine  output  shaft  18  by 
way  of  the  input  shell  38  and  impeller  36  as  indicated 
by  the  broken  line  62.  The  pump  60  receives  hydrau- 
lic  fluid  at  low  pressure  from  a  fluid  reservoir  64 
and  supplies  pressurised  fluid  to  the  transmission 
control  elements  via  an  output  line  66.  A  pressure 
regulator  valve  (PRV)  68  is  connected  to  the  pump 
output  line  66  and  serves  to  regulate  the  fluid  pres- 
sure  (hereinafter  referred  to  as  line  pressure)  in 
the  line  66  by  returning  a  controlled  portion  of  the 
fluid  therein  to  the  reservoir  64  via  the  70.  In  addi- 
tion,  the  pressure  regulator  valve  68  supplies  fluid 
pressure  for  the  torque  converter  24  via  a  line  74. 
The  pump  and  pressure  regulator  valve  designs  are 
not  critical  to  the  present  invention:  a  representa- 
tive  pump  is  disclosed  in  US-A-4  342  545,  and  a 
representative  pressure  regulator  valve  is  dis- 
closed  in  US-A-4  283  970. 

The  transmission  shaft  42  and  a  further  transmis- 
sion  shaft  90  each  have  a  plurality  of  gear  elements 
rotatably  supported  thereon.  The  gear  elements  80 
to  88  are  supported  on  the  shaft  42,  and  the  gear  el- 
ements  92  to  1  02  are  supported  on  the  shaft  90.  The 
gear  element  88  is  rigidly  connected  to  the  shaft  42, 
and  the  gear  elements  98  and  102  are  rigidly  con- 
nected  to  the  shaft  90.  The  gear  element  92  is  con- 
nected  to  the  shaft  90  by  way  of  a  freewheel  (one- 
way  device)  93.  The  gear  elements  80,  84,  86  and 
88  are  maintained  in  meshing  engagement  with  the 
gear  elements  92,  96,  98  and  1  00  respectively,  and 
the  gear  element  82  is  coupled  to  the  gear  element 
94  by  way  of  a  reverse  idler  gear  103.  The  shaft  90, 
in  turn,  is  coupled  to  the  drive  axles  20  and  22  by 
way  of  gear  elements  1  02  and  1  04  and  a  convention- 
al  differential  gear  set  (DG)  106. 

A  dog  clutch  1  08  is  splined  on  the  shaft  90  so  as 
to  be  axially  slidable  thereon,  and  serves  to  rigidly 
connect  the  shaft  90  either  to  the  gear  element  96 
(as  shown)  or  to  the  gear  element  94.  A  forward 
speed  relation  between  the  gear  element  84  and  the 
shaft  90  is  established  when  the  dog  clutch  108  con- 
nects  the  shaft  90  to  the  gear  element  96,  and  a  re- 
verse  speed  relation  between  the  gear  element  82 
and  the  shaft  90  is  established  when  the  dog  clutch 
108  connects  the  shaft  90  to  the  gear  element  94. 

The  clutching  devices  28  to  34  each  comprise  an 
input  member  rigidly  connected  to  a  transmission 
shaft  42  or  90,  and  an  output  member  rigidly  con- 
nected  to  one  or  more  gear  elements  such  that  en- 
gagement  of  a  clutching  device  couples  the  respec- 
tive  gear  element  and  shaft  together  to  effect  a 
driving  connection  between  the  shafts  42  and  90. 
The  clutching  device  28  couples  the  shaft  42  to  the 
gear  element  80;  the  clutching  device  30  couples 
the  shaft  42  to  the  gear  elements  82  and  84;  the 
clutching  device  32  couples  the  shaft  90  to  the  gear 
element  100;  and  the  clutching  device  34  couples 
the  shaft  42  to  the  gear  element  86.  Each  of  the 
clutching  devices  28  to  34  is  biased  towards  a  dis- 
engaged  state  by  means  of  a  return  spring  (not 
shown).  Engagement  of  the  clutching  device  is  ef- 
fected  by  supplying  fluid  pressure  to  an  apply  cham- 
ber  thereof.  The  resulting  torque  capacity  of  the 
clutching  device  is  a  function  of  the  applied  pres- 
sure  less  the  return  spring  pressure,  hereinafter 

referred  to  as  the  working  pressure  P.  The  circled 
numeral  1  represents  a  fluid  passage  for  supplying 
pressurised  fluid  to  the  apply  chamber  of  the  clutch- 
ing  device  28;  the  circled  numeral  2  and  letter  R  rep- 

5  resent  a  fluid  passage  for  supplying  pressurised 
fluid  to  the  apply  chamber  of  the  clutching  device 
30;  the  circled  numeral  3  represents  a  fluid  passage 
for  supplying  pressurised  fluid  to  the  apply  cham- 
ber  of  the  clutching  device  32;  and  the  circled  nu- 

10  meral  4  represents  a  fluid  passage  for  directing 
pressurised  fluid  to  the  apply  chamber  of  the  clutch- 
ing  device  34. 

The  various  gear  elements  80  to  88  and  92  to  100 
are  relatively  sized  such  that  engagement  of  first, 

15  second,  third  and  fourth  forward  speed  ratios  is  ef- 
fected  by  engaging  the  clutching  devices  28,  30,  32 
and  34  respectively,  with  the  dog  clutch  108  being  in 
the  position  depicted  in  Figure  1  to  obtain  a  forward 
speed  ratio.  A  neutral  speed  ratio  or  an  effective 

20  disconnection  of  the  drive  axles  20  and  22  from  the 
engine  output  shaft  18  is  effected  by  maintaining  all 
of  the  clutching  devices  28  to  34  in  a  released  con- 
dition.  The  speed  ratios  defined  by  the  various  gear 
element  pairs  are  generally  characterised  by  the  ra- 

25  tio  by  the  turbine  speed  Nt  to  the  output  speed  N0. 
Representative  Nt/N0  ratios  for  the  transmission  14 
are  as  follows: 
First  -  2.368  Second  -  1.273 
Third  -  0.808  Fourth  -  0.585 

30  Reverse  -1.880 
As  indicated  above,  shifting  from  a  current  for- 

ward  speed  ratio  to  a  desired  forward  speed  ratio 
requires  that  the  clutching  device  associated  with 
the  current  speed  ratio  (off-going)  be  disengaged 

35  and  the  clutching  device  associated  with  the  de- 
sired  speed  ratio  (on-coming)  be  engaged.  For  ex- 
ample,  a  shift  from  the  first  forward  speed  ratio  to 
the  second  forward  speed  ratio  involves  disen- 
gagement  of  the  clutching  device  28  and  engage- 

40  ment  of  the  clutching  device  30.  As  is  explained  be- 
low,  the  timing  of  such  disengagement  and  engage- 
ment  is  critical  to  the  attainment  of  high-quality 
shifting,  and  this  invention  is  directed  primarily  to  a 
method  of  utilising  a  control  system  for  supplying 

45  fluid  pressure  to  the  various  clutching  devices  28 
to  34  to  achieve  consistent  high-quality  shifting. 

The  fluid  control  elements  of  the  transmission  14 
include  a  manual  valve  140,  a  directional  servo  160 
and  a  plurality  of  electrically  operated  fluid  valves 

50  180  to  190.  The  manual  valve  140  operates  in  re- 
sponse  to  operator  demand,  and  serves,  in  conjunc- 
tion  with  the  directional  servo  160,  to  direct  regulat- 
ed  line  pressure  to  the  appropriate  fluid  valves  182 
to  188.  The  fluid  valves  182  to  188,  in  turn,  are  indi- 

55  vidually  controlled  to  direct  fluid  pressure  to  the 
clutching  devices  28  to  34.  The  fluid  valve  180  is 
controlled  to  direct  fluid  pressure  from  the  pump 
output  line  66  to  the  pressure  regulator  valve  68, 
and  the  fluid  valve  190  is  controlled  to  direct  fluid 

60  pressure  from  the  line  74  to  the  clutching  device  26 
of  the  torque  converter  24.  The  directional  servo 
160  operates  in  response  to  the  condition  of  the 
manual  valve  140,  and  serves  to  properly  position 
the  dog  clutch  108. 

65 
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The  manual  valve  140  includes  a  shaft  142  for  re- 
ceiving  axial  mechanical  input  from  the  operator  of 
the  motor  vehicle  in  relation  to  the  speed  range  the 
operator  desires.  The  shaft  142  is  also  connected 
to  an  indicator  mechanism  144  by  way  of  a  suitable 
mechanical  linkage  as  indicated  generally  by  the 
broken  line  146.  Fluid  pressure  from  the  pump  out- 
put  line  66  is  applied  as  an  input  to  the  manual  valve 
140  by  way  of  the  line  148,  and  the  valve  outputs  in- 
clude  a  forward  (F)  output  line  150  for  supplying  flu- 
id  pressure  for  engaging  the  forward  speed  ratios, 
and  a  reverse  (R)  output  line  152  for  supplying  fluid 
pressure  for  engaging  the  reverse  speed  ratio. 
Thus  when  the  shaft  142  of  the  manual  valve  140  is 
moved  to  the  D4,  D3,  or  D2  positions  shown  on  the 
indicator  mechanism  144,  line  pressure  from  the  line 
148  is  directed  to  the  forward  (F)  output  line  150. 
When  the  shaft  142  is  in  the  R  position  shown  on  the 
indicator  mechanism  144,  line  pressure  from  the  line 
148  is  directed  to  the  reverse  (R)  output  line  152. 
When  the  shaft  142  of  the  manual  valve  140  is  in  the 
N  (neutral)  or  P  (park)  positions,  the  input  line  148  is 
isolated,  and  the  forward  and  reverse  output  lines 
150  and  152  are  connected  to  an  exhaust  line  154 
which  is  adapted  to  return  any  fluid  therein  to  the 
fluid  reservoir  64. 

The  directional  servo  160  is  a  fluid-operated  de- 
vice  and  includes  an  output  shaft  162  connected  to 
a  shift  fork  164  for  axially  shifting  the  dog  clutch  108 
on  the  shaft  90  to  selectively  enable  either  forward 
or  reverse  speed  ratios.  The  output  shaft  162  is 
connected  to  a  piston  1  66  axially  movable  within  the 
servo  housing  168.  The  axial  position  of  the  piston 
1  66  within  the  housing  1  68  is  determined  according  to 
the  fluid  pressures  supplied  to  the  chambers  170 
and  172.  The  forward  output  line  150  of  the  manual 
valve  140  is  connected  via  a  line  174  to  the  chamber 
170,  and  the  reverse  output  line  152  of  the  manual 
valve  140  is  connected  via  a  line  176  to  the  chamber 
172. 

When  the  shaft  1  42  of  the  manual  valve  1  40  is  in 
a  forward-range  position,  the  fluid  pressure  in  the 
chamber  170  urges  the  piston  166  rightwardly  as 
viewed  in  Figure  1  to  engage  the  dog  clutch  108  with 
the  gear  element  96  for  enabling  engagement  of  a 
forward  speed  ratio.  When  the  shaft  1  42  of  the  man- 
ual  valve  140  is  moved  to  the  R  position,  the  fluid 
pressure  in  the  chamber  172  urges  the  piston  166 
leftwardly  as  viewed  in  Figure  1  to  engage  the  dog 
clutch  108  with  the  gear  element  94  for  enabling  en- 
gagement  of  the  reverse  speed  ratio.  However,  the 
actual  engagement  of  the  second  or  reverse  speed 
ratio  is  not  effected  until  the  clutching  device  30  is 
engaged. 

The  directional  servo  1  60  also  operates  as  a  fluid 
valve  for  enabling  the  reverse  speed  ratio.  To  this 
end,  the  directional  servo  160  includes  an  output 
line  178  connected  to  an  electrically  operated  fluid 
valve  186.  When  the  operator  selects  a  forward 
speed  ratio  and  the  piston  1  66  of  the  directional  ser- 
vo  160  is  in  the  position  depicted  in  Figure  1  ,  the  pas- 
sage  between  the  lines  176  and  178  is  cut  off,  and 
conversely  when  the  operator  selects  the  reverse 
gear  ratio,  the  passage  between  the  lines  176  and 
178  is  open. 

The  electrically  operated  fluid  valves  180  to  190 
each  receive  fluid  pressure  at  an  input  passage 
thereof  from  the  pump  60,  and  are  individually  con- 
trolled  to  direct  fluid  pressure  to  the  pressure  regu- 

5  lator  valve  68  or  the  respective  clutching  devices 
26  to  34.  The  fluid  valve  1  80  receives  line  pressure 
directly  from  the  pump  output  line  66,  and  is  control- 
led  to  direct  a  variable  amount  of  such  pressure  to 
the  pressure  regulator  valve  68,  as  indicated  by 

10  the  circled  letter  V.  The  fluid  valves  182,  186  and 
188  receive  fluid  pressure  from  the  forward  output 
line  150  of  the  manual  valve  140,  and  are  controlled 
to  direct  variable  amounts  of  such  pressure  to  the 
clutching  devices  34,  32  and  28  as  indicated  by  the 

15  circled  numerals  4,  3  and  1  respectively.  The  fluid 
valve  186  receives  fluid  pressure  from  the  forward 
output  line  150  and  the  directional  servo  output  line 
178,  and  is  controlled  to  direct  a  variable  amount  of 
such  pressure  to  the  clutching  device  30,  as  indi- 

20  cated  by  the  circled  numeral  2  and  the  circled  letter 
R.  The  fluid  valve  190  receives  fluid  pressure  from 
line  74  of  the  pressure  regulator  valve  68,  and  is 
controlled  to  direct  a  variable  amount  of  such  pres- 
sure  to  the  release  chamber  56  of  the  clutching  de- 

25  vice  26,  as  indicated  by  the  circled  numeral  6.  The 
apply  chamber  54  of  the  clutching  device  26  is  sup- 
plied  with  fluid  pressure  from  the  output  line  74  via 
the  orifice  192,  as  indicated  by  the  circled  numeral  5. 

Each  of  the  fluid  valves  180  to  190  includes  a 
30  spool  element  21  0  to  220  respectively,  axially  mova- 

ble  within  the  respective  valve  body  for  directing 
fluid  flow  between  the  input  and  output  passages 
thereof.  When  a  respective  spool  element  210  to 
220  is  in  the  rightmost  position  as  viewed  in  Figure  1  , 

35  the  input  and  output  passages  are  interconnected. 
Each  of  the  fluid  valves  180  to  190  includes  an  ex- 
haust  passage,  as  indicated  by  the  circle  letters 
EX,  such  passage  serving  to  drain  fluid  from  the  re- 
spective  clutching  device  when  the  spool  element  is 

40  shifted  to  the  leftmost  position  as  viewed  in  Figure  1  . 
In  Figure  1,  the  spool  elements  210  and  212  of  the 

fluid  valves  180  and  182  are  shown  in  the  rightmost 
position  interconnecting  the  respective  input  and 
output  lines,  whereas  the  spool  elements  214,  216, 

45  21  8  and  220  of  the  fluid  valves  1  84,  1  86,  1  88  and  1  90 
are  shown  in  the  leftmost  position  interconnecting 
the  respective  output  and  exhaust  lines. 

Each  of  the  fluid  valves  180  to190  includes  a  sole- 
noid  222  to  232  for  controlling  the  position  of  its 

50  spool  element  21  0  to  220.  Each  such  solenoid  222  to 
232  comprises  a  plunger  234  to  244  connected  to 
the  respective  spool  element  210  to  220  and  a  sole- 
noid  coil  246  to  256  surrounding  the  respective 
plunger.  One  terminal  of  each  such  solenoid  coil 

55  246  to  256  is  connected  to  ground  potential  as 
shown,  and  the  other  terminal  is  connected  to  an 
output  line  258  to  268  of  a  control  unit  270  which 
governs  the  solenoid  coil  energisation. 

As  is  set  forth  hereinafter,  the  control  unit  270 
60  pulse-width-modulates  the  solenoid  coils  246  to  256 

according  to  a  predetermined  control  algorithm  to 
regulate  the  fluid  pressure  supplied  to  the  pressure 
regulator  68  and  the  clutching  devices  26  to  34,  the 
duty  cycle  of  such  modulation  being  determined  in 

65  relation  to  the  desired  magnitude  of  the  supplied 
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pressures. 
Although  the  fluid  valves  180  to  190  have  been  il- 

lustrated  as  spool  valves,  other  types  of  valve 
could  be  substituted  therefor.  By  way  of  example, 
valves  of  the  ball  and  seat  type  could  be  used.  In 
general  terms,  the  fluid  valves  180  to  190  may  be 
mechanised  with  any  three-port  pulse-width-modu- 
lated  valving  arrangement. 

Input  signals  for  the  control  unit  270  are  provid- 
ed  on  the  input  lines  272  to  284.  A  position  sensor 
(S)  286  responsive  to  movement  of  the  manual 
valve  shaft  1  42  provides  an  input  signal  to  the  con- 
trol  unit  270  via  a  line  272.  Speed  transducers  288, 
290  and  292  sense  the  rotational  velocity  of  vari- 
ous  rotary  members  within  the  transmission  14,  and 
supply  speed  signals  in  accordance  therewith  to  the 
control  unit  270  via  lines  274,  276,  and  278,  respec- 
tively.  The  speed  transducer  288  senses  the  veloci- 
ty  of  the  transmission  shaft  42  and  therefore  the 
turbine  or  transmission  input  speed  Nt;  the  speed 
transducer  290  senses  the  velocity  of  the  drive  ax- 
le  22  and  therefore  the  transmission  output  speed 
N0;  and  the  speed  transducer  292  senses  the  ve- 
locity  of  the  engine  output  shaft  18  and  therefore 
the  engine  speed  Ne.  The  position  transducer  294  is 
responsive  to  the  position  of  the  engine  throttle  1  6, 
and  provides  an  electrical  signal  in  accordance 
therewith  to  the  control  unit  270  via  the  line  280.  A 
pressure  transducer  296  senses  the  manifold  abso- 
lute  pressure  (MAP)  of  the  engine  12,  and  provides 
an  electrical  signal  to  the  control  unit  270  in  accord- 
ance  therewith  via  the  line  282.  A  temperature  sen- 
sor  298  senses  the  temperature  of  the  oil  in  the 
transmission  fluid  reservoir  64,  and  provides  an 
electrical  signal  in  accordance  therewith  to  the  con- 
trol  unit  270  via  the  line  284. 

The  control  unit  270  responds  to  the  input  signals 
on  the  input  lines  272  to  284  according  to  a  prede- 
termined  control  algorithm  as  set  forth  herein,  for 
controlling  the  energisation  of  the  fluid  valve  sole- 
noid  coils  246  to  256  via  the  output  lines  258  to  268. 
As  such,  the  control  unit  270  includes  an  in- 
put/output  (I/O)  device  300  for  receiving  the  input 
signals  and  outputting  the  various  pulse-width-mod- 
ulation  signals,  and  a  microcomputer  302  which  com- 
municates  with  the  I/O  device  300  via  an  address- 
and-control  bus  304  and  a  bidirectional  data  bus 
306.  Flow  diagrams  representing  suitable  program 
instructions  for  developing  the  pulse-width-modula- 
tion  outputs  in  conformity  with  the  present  invention 
are  depicted  in  Figures  1  3  to  1  7. 

As  indicated  above,  every  shift  from  one  speed 
ratio  to  another  involves  disengagement  of  an  off- 
going  clutching  device  and  engagement  of  an  on- 
coming  clutching  device.  Each  shift  includes  a  fill 
phase  during  which  the  apply  chamber  of  the  on- 
coming  clutching  device  is  filled  with  fluid,  a  torque 
phase  during  which  the  torque  capacity  of  the  off- 
going  clutching  device  is  reduced  and  the  torque  ca- 
pacity  of  the  on-coming  clutching  device  is  in- 
creased,  and  an  inertia  phase  during  which  the  tur- 
bine  is  accelerated  to  a  new  velocity  determined  ac- 
cording  to  the  new  speed  ratio.  Such  phases  are 
defined  in  terms  of  time  to  to  U  for  a  typical  2-3  up- 

shift  in  graphs  A  to  D  of  Figure  2,  each  of  the 
graphs  having  a  common  time  base.  Graph  A  de- 
picts  the  turbine  speed  Nt;  Graph  B  depicts  the 
pressure  command  for  the  on-coming  clutching  de- 

5  vice  fluid  valve;  Graph  C  depicts  the  engine  torque 
Te  and  the  torque  carried  by  the  clutching  devices 
30  and  32;  and  Graph  D  depicts  the  transmission 
output  torque  T0. 

Prior  to  the  shift  activity,  the  relation  between 
10  the  turbine  and  output  speeds  Nt  and  N0  is  static 

and  is  determined  according  to  the  second  speed  ra- 
tio.  In  addition,  the  output  torque  T0  is  substantially 
constant.  In  the  course  of  the  shift,  the  speed  and 

15  torque  relationships  become  dynamic  as  the  engine 
torque  Te  is  shifted  from  the  clutching  device  30  to 
the  clutching  device  32.  Subsequent  to  the  shift  ac- 
tivity,  the  output  torque  is  once  again  substantially 
constant,  and  the  relation  between  Nt  and  No  is  de- 

20  termined  according  to  the  third  speed  ratio. 
At  time  to  when  it  is  determined  that  a  2  -  3  ratio 

shift  is  desired,  the  solenoid  coil  250  of  the  fluid 
valve  184  is  energised  at  a  duty  cycle  of  100%,  to 
commence  filling  the  apply  chamber  of  the  clutching 

25  device  32.  This  marks  the  beginning  of  the  fill  phase 
of  the  shift,  as  indicated  below  Graph  D.  Although 
not  shown  in  Figure  2,  the  solenoid  coil  252  of  the 
fluid  valve  186  is  energised  at  a  relatively  high  duty 
cycle  during  the  fill  phase  to  maintain  engagement  of 

30  the  second  speed  ratio.  At  time  ti,  tfni  seconds  after 
time  to,  the  fluid  pressure  in  the  apply  chamber  of 
the  clutching  device  32  is  sufficiently  great  to  com- 
press  the  clutch  return  spring,  marking  the  end  of 
the  fill  phase  and  the  beginning  of  the  torque  phase, 

35  as  indicated  below  Graph  D.  Thereafter,  the  pres- 
sure  command  is  reduced  to  a  value  corresponding 
to  an  empirically  derived  initial  pressure  Px  and  pro- 
gressively  increased  to  a  value  corresponding  to 
an  empirically  derived  final  pressure  Py.  During 

40  such  time,  the  torque  Tcd32  carried  by  the  on-coming 
clutching  device  32  progressively  increases,  and 
the  torque  Tcd30  carried  by  the  off-going  clutching 
device  30  progressively  decreases,  as  seen  in 
Graph  C.  The  output  torque  T0  in  this  interval  is  de- 

45  termined  according  to  the  sum  of  Tcd30  and  TCd32  as 
reflected  by  the  respective  speed  ratios  of  the 
transmission  14,  and  progressively  decreases  as 
seen  in  Graph  D.  At  time  tz,  the  torque  T0d32  equals 

50  the  engine  torque  Te,  the  torque  Tcd3o  is  reduced  to 
zero,  and  the  output  torque  T0  begins  to  rise  with 
Tcd32,  as  seen  in  Graphs  C  to  D.  After  time  \z,  the 
torque  Tcd32Continues  to  rise,  and  the  torque  differ- 
ential  between  it  and  the  engine  torque  Te  urges  the 

55  turbine  to  decelerate  towards  the  third-ratio  speed, 
designated  by  the  trace  308  in  Graph  A.  At  time  t3, 
the  turbine  speed  Nt  begins  to  decrease,  marking 
the  end  of  the  torque  phase  and  the  beginning  of  the 
inertia  phase,  as  indicated  below  Graph  D.  As  the 

60  turbine  speed  Nt  decreases,  the  engine  torque  Te 
increases,  as  seen  in  Graph  C.  At  time  t4,  the  tur- 
bine  speed  joins  the  third  speed  trace  308,  marking 
the  end  of  the  inertia  phase  and  the  shift,  as  indicat- 
ed  below  Graph  D.  Since  the  clutching  device  32  is 

6 
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no  longer  slipping  at  this  point,  the  torque  Tcd32 
drops  to  the  level  of  the  engine  torque  Te,  and  the 
output  torque  T0  drops  to  the  post-shift  level.  The 
shaded  area  309  between  the  Te  and  Tcd32  traces  in 
Graph  C  is  referred  to  as  the  inertia  torque,  and  5 
represents  the  amount  of  torque  the  on-coming 
clutching  device  must  exert  to  effect  the  speed 
change. 

The  on-coming  clutch  fill  time  and  the  clutch  pres- 
sure  schedules  are  individually  determined  for  each 
ratio  shift.  If  both  are  correct,  and  the  various  con- 
trol  elements  each  function  as  expected,  the  ratio 
shift  will  progress  in  the  desired  manner  as  depicted 
in  Figure  2,  with  neither  excessive  harshness  nor 
excessive  slippage  of  the  friction  devices.  These  5 
are  the  essential  ingredients  of  open-loop  ratio 
shifting.  As  indicated  above,  however,  a  certain 
amount  of  variation  in  the  engine  and  transmission 
operating  characteristics  can  be  expected  over  the 
life  of  the  vehicle,  due  to  wear.  Moreover,  there 
may  be  some  vehicle-to-vehicle  variability  due  to 
assembly  and  component  tolerances.  If  the  on-com- 
ing  clutching  device  begins  developing  torque  ca- 
pacity  either  before  or  after  the  end  of  the  calculat- 
ed  fill  time,  the  exchange  of  torque  capacity  be- 
tween  the  off-going  and  on-coming  clutching 
devices  will  not  proceed  according  to  schedule.  In 
this  regard,  the  consequences  of  overfill  and  un- 
derfill  errors  are  graphically  illustrated  in  Figures  3 
and  4.  Similarly,  the  shift  quality  is  degraded  if  the 
clutch  pressure  during  the  torque  and  inertia  phas- 
es  is  too  high  or  too  low  for  a  given  operating  condi- 
tion.  The  consequences  of  improperly  low  and  high 
pressure  scheduling  are  graphically  illustrated  in 
Figures  5  and  6.  35 

Figures  3  to  6  each  include  Graphs  A,  B  and  C 
corresponding  to  the  Graphs  A,  C  and  D  of  Figure 
2.  To  facilitate  comparison  of  the  various  traces 
with  the  corresponding  traces  of  Figure  2,  each  of 
the  graphs  of  Figures  3  to  6  includes  the  time  scale 
designations  to  to  U  as  defined  in  reference  to  the 
normal  high-quality  shift  of  Figure  2.  In  addition,  the 
static  torque  and  speed  levels  shown  in  Figure  2 
have  been  adopted  in  Figures  3  to  6. 

When  the  stored  fill  time  tfiii  is  too  high,  as  illus- 
trated  in  Figure  3,  the  on-coming  clutching  device 
32  is  overfilled,  and  begins  transmitting  torque  prior 
to  time  ti,  as  seen  by  the  TCd32  trace  in  Graph  B.  In 
such  case,  the  capacity  Tcd32  of  the  on-coming  50 
clutching  device  reaches  the  engine  torque  Te  be- 
fore  the  capacity  TCd3o  of  the  off-going  clutching 
device  is  reduced  to  zero  as  seen  at  time  tx  in 
Graph  B.  As  a  result,  the  on-coming  clutching  de- 
vice  32  is  opposed  by  the  off-going  clutching  de-  55 
vice  30,  resulting  in  what  is  known  as  bind-up,  which 
bind-up  reduces  the  output  torque  T0  as  compared 
with  the  shift  of  Figure  2.  The  magnitude  of  the  out- 
put  torque  reduction  is  graphically  represented  by 
the  shaded  area  310  of  Graph  C.  The  bind-up  also  60 
results  in  a  momentary  unwinding  of  the  various 
transmission  and  drive-line  shafts,  as  evidenced 
by  the  momentary  reduction  31  1  in  turbine  speed  Nt. 

When  the  stored  fill  time  tfiii  is  too  low,  as  illustrat- 

ed  in  Figure  4,  the  on-coming  clutching  device  32  is 
underfilled,  and  does  not  begin  transmitting  torque 
until  after  time  ti,  as  seen  by  the  Tcd32  trace  in 
Graph  B.  In  such  case,  the  output  torque  is  reduced 
as  compared  with  the  shift  depicted  in  Figure  2,  the 
amount  of  such  reduction  being  graphically  repre- 
sented  by  the  shaded  area  312  in  Graph  C.  Moreo- 
ver,  the  torque  capacity  Ccd32  of  the  on-coming 
clutching  device  is  not  yet  sufficient  to  transmit  all 
of  the  engine  torque  Te  when  the  off-going  clutching 
device  is  completely  released  at  time  tz.  This  caus- 
es  a  turbine  speed  flare,  as  indicated  by  the  refer- 
ence  numeral  31  3  in  Graph  A. 

When  the  scheduled  pressure  for  the  on-coming 
clutching  device  is  too  low,  as  illustrated  in  Figure 
5,  the  torque  capacity  Ccd32  is  reduced  as  com- 
pared  with  Figure  2.  As  a  result,  the  duration  of  the 
inertia  phase  becomes  excessively  long,  so  degrad- 
ing  the  shift  quality  and  inducing  excessive  wear 
and  heating  of  the  clutching  devices.  For  the  exam- 
ple  depicted  in  Figure  5,  the  length  of  the  inertia 
phase  is  designated  by  the  interval  314. 

When  the  scheduled  pressure  for  the  on-coming 
clutching  device  is  too  high,  as  illustrated  by  Figure 
6,  the  torque  capacity  Ccd32  is  increased  as  com- 
pared  with  Figure  2,  and  the  turbine  is  rapidly  decel- 
erated  to  its  new  speed  as  seen  in  Graph  A.  As  a  re- 
sult,  the  duration  of  the  inertia  phase  is  relatively 
short,  as  designated  by  the  interval  316.  In  addition, 
the  rapid  turbine  deceleration  causes  a  transient  in- 
crease  in  the  output  torque  T0  as  indicated  by  the 
shaded  area  318  in  Graph  C,  and  produces  an  unde- 
sirably  harsh  shift. 

In  conformity  with  the  present  invention,  the  em- 
pirically  derived  fill  times  and  pressure  schedules 
for  the  various  clutching  devices  are  adaptively 
compensated  in  the  course  of  vehicle  operation  so 
as  to  achieve  consistent  high-quality  ratio  shifting. 
In  each  case,  specified  operating  parameters  are 
monitored  during  each  upshift,  and  then  compared 
with  reference  parameters  to  determine  whether  the 
shift  progressed  in  a  desired  manner.  If  the  compar- 
ison  of  the  monitored  and  reference  parameters  in- 
dicates  that  the  shift  did  not  progress  in  the  desired 
manner,  the  respective  fill  time  and/or  pressure 
schedule  is  adjusted  in  a  corrective  direction  so 
that  subsequent  shifting  will  be  carried  out  in  a  more 
nearly  optimum  manner. 

The  empirically  derived  fill  times  are  adaptively 
corrected  by  monitoring  the  time  interval  between 
the  start  of  fill  and  the  turn-down  (reduction)  in  tur- 
bine  speed  during  each  upshift.  Since  the  turbine 
speed  turn-down  marks  the  beginning  of  the  inertia 
phase  of  the  shift,  such  interval  is  referred  to  here- 
in  as  the  inertia  phase  delay,  IPDELAY.  The  meas- 
ured  IPDELAY  is  compared  with  a  reference  de- 
sired  delay,  DESDELAY,  to  determine  whether  the 
on-coming  clutching  device  was  properly  filled  at 
time  ti.  If  the  stored  fill  time  tnii  is  correct,  the  on- 
coming  clutching  device  will  be  properly  filled  at  time 
ti,  and  IPDELAY  will  be  substantially  equal  to  DES- 
DELAY.  If  the  stored  fill  time  tfiii  is  too  short,  and 
the  on-coming  clutching  device  is  underfilled  at  time 
ti,  the  turbine  speed  turn-down  will  be  late,  as 
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shown  in  Figure  3,  and  IPDELAY  will  be  significant- 
ly  greater  than  DESDELAY.  In  this  event,  the  con- 
trol  unit  270  operates  to  increase  the  fill  time  tfiii  for 
the  respective  clutching  device  so  that  subsequent 
shifts  involving  that  clutching  device  will  be  per- 
formed  in  a  more  nearly  optimum  manner.  If  the 
stored  fill  time  tfiii  is  too  long,  and  the  on-coming 
clutching  device  is  overfilled  (already  developing 
torque  capacity)  at  time  ti,  the  resulting  bind-up  and 
momentary  turbine  speed  reduction  described  in  re- 
lation  to  Figure  4  will  be  sensed  as  an  early  turbine 
speed  turn-down,  and  IPDELAY  will  be  significantly 
less  than  DESDELAY.  In  this  event,  the  control 
unit  270  operates  to  decrease  the  fill  time  tfiii  for  the 
respective  clutching  device  so  that  subsequent 
shifts  involving  that  clutching  device  will  be  carried 
out  in  a  more  nearly  optimum  manner. 

In  practice,  the  turbine  speed  flare  characteris- 
tic  associated  with  underfill  is  more  easily  identified 
than  the  momentary  reduction  associated  with  over- 
fill.  This  is  especially  true  in  low-torque  high  turbine- 
speed  shifts,  since  the  momentary  turbine  speed 
changes  associated  with  overfill  are  but  a  small  per- 
centage  of  the  steady-state  turbine  speed.  This  dif- 
ficulty  is  overcome  in  conformity  with  the  present  in- 
vention  by  periodically  decrementing  the  fill  time 
while  the  vehicle  is  being  operated  under  conditions 
for  which  overfills  cannot  be  accurately  identified. 
When  the  incremental  changes  in  fill  time  result  in  a 
detectable  underfill,  the  control  unit  270  operates 
as  described  above  to  increase  the  fill  time.  In  this 
way,  the  stored  fill  times  for  the  various  clutching 
devices  are  maintained  relatively  close  to  the  cor- 
rect  values  even  during  periods  of  vehicle  opera- 
tion  for  which  overfill  detection  may  not  be  reliable. 
In  addition,  large  overfill  error  indications  are  treat- 
ed  as  small  overfill  indications  until  several  (for  ex- 
ample  three)  such  error  indications  are  successive- 
ly  sensed. 

The  description  of  the  mechanisms  for  identifying 
turn-down  of  turbine  speed  and  for  adaptively  com- 
pensating  the  clutching  device  fill  times  in  response 
thereto  is  prefaced  by  a  description  of  the  mecha- 
nism  for  computing  the  fill  time.  As  briefly  set  forth 
above,  the  fill  time  for  a  given  clutching  device  is 
determined  primarily  as  a  function  of  the  requested 
line  pressure,  the  geometry  of  the  clutching  device, 
and  the  viscosity  of  the  fluid.  Algebraically,  the  fill 
time  tfiii  is  given  as  follows: 
tfin  =  V/[A*(2AP/r)i/2] 
where  V  is  the  volume  of  the  apply  chamber,  A  is 
the  area  of  the  clutch  piston,  aP  is  the  apply  pres- 
sure  less  the  return  spring  pressure,  and  r  is  the 
fluid  viscosity.  To  improve  the  fill  time  calculation 
efficiency,  the  present  invention  allows  utilisation 
of  a  fill  time  vs.  pressure  (aP)  function  look-up  ta- 
ble,  as  graphically  depicted  by  the  trace  320  of  Fig- 
ure  7.  The  trace  320  takes  into  account  the  clutch- 
ing  device  geometry,  and  is  in  the  form  of  an  in- 
verse  square  root  function  due  to  the  aP 
dependence  as  set  forth  in  the  algebraic  expression 
above.  To  avoid  the  need  for  storing  the  entire 
function,  just  the  two  fill  time  points  (designated  L 
and  H)  corresponding  to  the  lowest  and  highest 

available  line  pressures  aPl  and  aPh  are  stored  by 
the  control  unit  270.  The  fill  time  is  linearly  interpo- 
lated  along  the  broken  line  322  interconnecting  the 
fill  time  points  L  and  H,  and  then  mathematically  ad- 

5  justed  to  reflect  the  inverse  square  root  form 
(1/*aP)  of  the  trace  320.  The  adjusted  fill  time  is 
then  modified  by  a  oil  temperature-dependent  factor 
to  compensate  for  variations  in  the  fluid  viscosity. 

The  time  required  to  effect  a  turn-down  in  turbine 
10  speed  in  the  course  of  an  upshift  is  determined  by 

starting  a  timer  at  the  end  of  fill  and  stopping  the  tim- 
er  upon  detection  of  the  turn-down.  The  timed  inter- 
val  may  thus  be  viewed  as  the  delay  between  the 
end  of  fill  and  the  beginning  of  the  inertia  phase. 

15  The  turn-down  is  identified  by  predicting  a  future 
turbine  speed  (through  an  extrapolation  process) 
and  comparing  the  actual  turbine  speed  with  the  pre- 
dicted  turbine  speed.  Turbine  speed  is  detected  in 
terms  of  T/TP,  this  being  the  time  between  pulses  re- 

20  ceived  from  the  turbine  speed  transducer  288  of 
Figure  1  .  By  the  nature  of  its  definition,  T/TP  varies 
inversely  with  turbine  speed.  The  measured  values 
of  T/TP  are  averaged  by  a  first-order  lag  function 
to  determine  the  average  time  between  turbine  puls- 

25  es,  AT/TP.  In  turn,  the  difference  (AT/TP  -  T/TP)  is 
computed  and  subjected  to  a  first-order  lag  func- 
tion  to  determine  the  average  change  in  time  be- 
tween  turbine  pulses,  A  T/TP.  Algebraically,  the 
predicted  time  between  turbine  pulses  for  a  point 

30  (k+2)  seconds  in  the  future,  PT/TP(k+2),  is  given 
by  the  expression: 
PT/TP(k+2)  =  ATTTP(k)  -  [AT/TP(k-4)  -  AT/TP(k)]/2  - 
[AAT/TP(k-4)  +  AAT/TP(k)j 

The  term  k  represents  several  loop  times  of  the 
35  control  unit  270,  and  the  predicted  time  between  tur- 

bine  pulses  one  loop  time  (L)  in  the  future,  PT/TP(L), 
is  determined  by  linear  interpolation  between  the  cal- 
culated  values.  The  error  time  between  turbine  puls- 
es  ET/TP  ~  i.e.  the  difference  between  actual  and 

40  predicted  time  between  turbine  pulses  T/TP(L)  - 
PT/TP(L)  -  is  computed  to  identify  the  turn-down  of 
turbine  speed.  Due  to  the  inverse  relation  between 
turbine  speed  and  time  T,  the  turn-down  is  identified 
as  a  significant  error  ET/TP  of  positive  sign. 

45  Several  steps  are  taken  to  minimise  the  likelihood 
of  false  turn-down  detection.  The  main  concern  in 
this  regard  is  that  noise  or  fluctuation  of  the  turbine 
speed  signal  (due  to  bumps  in  the  road  surface,  for 
example)  causes  some  difference  between  the  pre- 

50  dieted  and  actual  time  between  turbine  pulses.  Pri- 
marily,  the  likelihood  of  false  detection  is  minimised 
by  the  employment  of  novel  signal  processing  tech- 
niques,  including  (1)  enabling  the  detection  algorithm 
only  in  a  specified  time  window  during  the  shift,  (2) 

55  defining  a  two-stage  error  threshold  for  identifying 
the  turn-down,  and  (3)  adjusting  the  two-stage  error 
threshold  in  accordance  with  a  measure  of  the  tur- 
bine  speed  signal  noise. 

The  time  window  during  which  the  detection  algo- 
60  rithm  is  enabled  is  defined  so  that  the  algorithm  is 

operative  to  detect  the  occurrence  of  turbine 
speed  turn-down  in  worst-case  overfill  and  under- 
fill  situations.  The  two-stage  error  threshold  com- 
prises  a  first  relatively  low  threshold  and  a  second 
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relatively  high  threshold.  When  the  first  threshold 
is  exceeded,  the  fill  timer  is  sampled.  If  the  second 
threshold  is  subsequently  exceeded,  the  occur- 
rence  of  turn-down  is  confirmed,  and  turn-down  in- 
dication  is  given.  If  the  second  threshold  is  not  sub-  5 
sequently  exceeded,  the  error  is  assumed  to  be 
noise-induced,  and  the  fill  timer  is  permitted  to  con- 
tinue  counting.  In  this  way,  noise-induced  error  is 
distinguished  from  turn-down-induced  error.  The 
measure  of  the  turbine  speed  noise  for  adjusting  10 
the  first  and  second  thresholds  is  obtained  by  ap- 
plying  a  first-order  lag  function  to  the  error  signal 
ET/TP,  such  filtered  signal  being  identified  herein 
as  FET/TP.  The  thresholds  are  increased  with  in- 
creasing  FET/TP,  and  decreased  with  decreasing  15 
FET/TP. 

In  spite  of  the  above  signal  processing  tech- 
niques,  it  is  possible  that  turbine  speed  noise  could 
cause  consecutive  significant  error  signals,  and 
trigger  an  early  turn-down  indication.  The  conse-  20 
quence  of  such  a  false  indication  is  mitigated  (as  ex- 
plained  below)  by  limiting  the  adaptive  correction  to 
a  relatively  small  value  until  several  consecutive 
overfills  have  been  indicated.  In  the  illustrated  em- 
bodiment,  three  consecutive  overfill  indications  are  25 
required  before  a  large  fill  time  correction  can  be  is- 
sued. 

The  adaptive  compensation  mechanism  interfac- 
es  with  the  above  described  fill-time  determination 
technique  by  suitable  modification  of  the  fill  time  end  30 
points  L  and  H.  The  amount  by  which  the  end  points 
L  and  H  are  modified  is  determined  in  relation  to  the 
fill  time  error  (Eft)  between  the  detected  and  expect- 
ed  times  to  turbine  speed  turn-down  (downturn).  The 
expected  time  to  turn-down  is  empirically  determined  35 
in  relation  to  the  type  of  shift,  and  either  the  work- 
ing  pressure  aP  or  the  input  torque  Ti.  As  an  exam- 
ple,  let  it  be  assumed  that  the  torque  phase  of  a  giv- 
en  upshift  is  expected  to  take  30ms.  If  the  actual 
turbine  speed  turn-down  is  detected  30ms  after  the  40 
end  of  the  calculated  fill  time  (Eft  =  0ms),  it  is  as- 
sumed  that  the  calculated  fill  time  is  correct,  and  no 
adaptive  compensation  is  attempted.  However,  if 
the  turn-down  is  detected  60ms  after  the  end  of  the 
calculated  fill  time  (Eft  =  +30ms),  it  is  assumed  that  45 
the  calculated  fill  time  is  too  short  --  that  is,  the  on- 
coming  clutching  device  was  underfilled  and  devel- 
oped  torque  capacity  too  late.  On  the  other  hand,  if 
the  turn-down  is  detected  1  0  ms  after  the  end  of  the 
calculated  fill  time  (Eft  =  -20ms),  it  is  assumed  that 
the  calculated  fill  time  is  too  long  --  that  is,  the  on- 
coming  clutching  device  was  overfilled  and  devel- 
oped  torque  capacity  too  early.  The  sign  of  the  er- 
ror  indicates  whether  the  on-coming  clutching  de-  5 vice  was  underfilled  or  overfilled,  and  the  magni- 
tude  indicates  the  amount  of  error. 

The  fill  time  error  Eft  as  defined  above  is  used  to 
determine  a  fill  time  correction  (Cft)  for  adaptively 
compensating  the  stored  fill  time  end  points  L  and  H  60 
as  defined  in  Figure  7.  The  fill  time  correction 
amount  is  determined  in  accordance  with  a  gain- 
scheduling  technique  designed  to  achieve  fast  con- 
vergence  of  the  calculated  fill  times  with  minimum 
converged  misadjustment.  Functionally,  the  intent  is  65 

to  provide  large  adjustment  when  large  errors  of  a 
given  sign  are  sensed,  and  little  or  no  adjustment 
when  a  distribution  of  errors  is  sensed. 

The  randomness  of  the  system  operation  is 
graphically  depicted  in  Figure  8,  where  traces  330 
and  332  represents  typical  distributions  of  sensed 
fill  time  error  for  a  clutching  device.  The  distribution 
trace  330  is  centred  around  zero  error,  and  there- 
fore  represents  a  system  which  is  accurately  cali- 
brated  and  thus  cannot  be  improved  by  adaptive 
compensation.  The  shape  of  the  trace  is  influenced 
by  the  control  algorithms  of  the  control  unit  270  and 
the  physical  control  elements  of  the  transmission 
14.  Presumably  such  algorithms  and  elements  are 
designed  to  provide  a  sufficiently  high  level  of  re- 
peatability  for  acceptable  shift  quality  to  be 
achieved  within  most,  if  not  all,  of  the  distribution 
range.  For  the  example  depicted  in  Figure  8,  a  fill 
time  error  of  plus  or  minus  ei  would  not  result  in  un- 
acceptable  shift  quality.  The  distribution  trace  332 
is  centred  around  an  error  value  ez,  and  therefore 
represents  a  system  which  is  not  accurately  cali- 
brated  and  which  could  be  improved  by  adaptive 
compensation.  Nearly  all  the  fill  time  errors  within 
the  randomness  of  the  distribution  trace  332  are 
greater  than  ei,  and  would  be  likely  to  result  in  unac- 
ceptable  shift  quality. 

The  aim  of  adaptive  compensation  is  to  move  the 
distribution  trace  332  to  the  left  as  viewed  in  Figure 
8  by  the  amount  of  ez  so  as  to  achieve  the  shift 
quality  associated  with  the  distribution  trace  330. 
However,  the  control  unit  270  cannot  determine  the 
centre  of  the  error  distribution  based  on  a  given  er- 
ror  measurement.  For  example,  a  measured  error  of 
ei  could  occur  with  a  system  represented  by  the  dis- 
tribution  trace  330,  a  system  represented  by  the 
distribution  trace  332,  or  a  system  represented  by 
any  distribution  trace  therebetween.  If  the  distribu- 
tion  trace  332  is  representative  of  the  system,  a  rel- 
atively  large  adaptive  modification  of  the  fill  time 
would  be  proper.  If  the  distribution  trace  330  is  rep- 
resentative  of  the  system,  an  adaptive  modification 
of  the  fill  time  would  be  a  misadjustment. 

The  difficulty  set  forth  above  is  overcome  in  con- 
formity  with  the  present  invention  by  establishing  a 
non-linear  base  gain  schedule  which  is  relatively 
low  for  achieving  relatively  low  converged  misad- 
justment  and  a  non-linear  direction-sensitive  dy- 
namic  gain  modifier  for  increasing  the  base  sched- 
ule  gain  in  relation  to  the  time  integral  of  the  meas- 
ured  error.  The  authority  of  the  dynamic  gain 
modifier  is  limited  by  a  maximum  overall  gain  which  is 
dependent  on  the  error  magnitude,  and  the  modifier 
is  reset  to  zero  when  a  significant  error  of  the  oppo- 
site  sign  is  detected.  In  Figure  9,  the  base  gain 
schedule  and  the  maximum  overall  gain  are  graphi- 
cally  depicted  as  a  function  fill  time  error  Eft.  The 
base  gain  schedule  is  depicted  by  the  trace  334, 
and  the  maximum  overall  gain  is  depicted  by  the 
trace  336.  As  indicated  above,  fill  time  error  that  is 
positive  in  sign  (underfill)  produces  a  positive  cor- 
rection  for  increasing  the  fill  time  end  points,  where- 
as  fill  time  error  that  is  negative  in  sign  (overfill) 
produces  a  negative  correction  for  decreasing  the 
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fill  time  end  points.  The  dynamic  gain  modifier  can  in- 
crease  the  base  gain  correction  (in  either  a  positive 
or  a  negative  sense)  up  to  the  maximum  overall  gain 
in  relation  to  the  integral  of  error  signals  in  one  di- 
rection.  Graphically,  the  shaded  areas  between  the 
traces  334  and  336  represent  the  authority  range 
of  the  dynamic  gain  modifier.  In  this  way,  the  fill  time 
correction  is  determined  primarily  in  accordance 
with  the  base  schedule  gain  when  the  error  distribu- 
tion  is  centred  at  or  near  zero  error.  When  the  er- 
ror  distribution  becomes  significantly  skewed  in  ei- 
ther  direction,  the  dynamic  gain  modifier  becomes 
active,  and  adds  to  the  base  gain  to  achieve  fast 
correction  of  the  error.  Essentially,  the  adaptive 
corrections  become  greater  with  increased  detect- 
ed  error,  and  increased  time  required  to  correct  the 
error. 

The  fill  time  correction  Cft  is  apportioned  between 
the  fill  time  end  points  L  and  H  in  accordance  with 
the  fluid  pressure  applied  to  the  on-coming  clutch- 
ing  device  during  the  upshift.  The  mechanisation  of 
such  apportionment  is  graphically  depicted  in  Figure 
1  0,  where  the  trace  340  represents  a  gain  factor  Gl 
for  the  end  point  L,  and  the  trace  342  represents  a 
gain  factor  Gh  for  the  end  point  H.  After  any  up- 
shift  where  a  fill  time  correction  Cft  is  in  order,  the 
end  point  L  is  adjusted  by  the  amount  (Cft  *  Gl),  and 
the  end  point  H  is  adjusted  by  the  amount  (Cft  *  Gh). 
In  future  shifts  involving  the  subject  clutching  de- 
vice,  the  calculated  fill  time  tfiii  will  more  correctly 
reflect  the  actual  time  required  to  fill  its  apply  cham- 
ber  and  stroke  the  return  spring  to  develop  torque 
capacity.  As  a  result,  changing  conditions  which  af- 
fect  the  fill  time  of  the  clutching  device  are  fully 
compensated  for  over  a  number  of  upshifts  involv- 
ing  the  clutching  device. 

The  empirically  derived  pressure  schedules  for 
the  on-coming  clutching  devices  are  adaptively  cor- 
rected  by  monitoring  the  inertia  phase  interval  tip 
during  each  upshift  and  comparing  such  interval 
with  a  reference  interval  trip.  If  the  stored  pressure 
schedule  is  correct,  the  shift  will  progress  in  a  de- 
sired  manner,  and  tip  will  be  substantially  equal  to 
trip.  If  the  stored  pressure  schedule  is  too  high,  the 
shift  will  be  too  harsh,  and  tip  will  be  significantly 
less  than  trip.  In  such  event  the  control  unit  270  will 
operate  to  decrease  the  stored  pressure  schedule 
so  that  subsequent  shifts  involving  that  clutching 
device  will  be  carried  out  in  a  more  nearly  optimum 
manner.  If  the  stored  pressure  schedule  is  too  low, 
the  shift  will  take  too  long,  and  tip  will  be  significantly 
greater  than  trip.  In  such  event,  the  control  unit  270 
will  operate  to  increase  the  stored  pressure  sched- 
ule. 

In  operation,  the  pressure  schedules  are  deter- 
mined  as  a  function  of  a  torque  variable  Tv.  The 
torque  variable  Tv,  in  turn,  is  determined  as  a  func- 
tion  of  the  gear  set  input  torque  Ti  and  the  entry  tur- 
bine  speed  Nte,  Nte  being  defined  as  the  turbine 
speed  Ntthe  end  of  the  fill  phase.  The  entry  turbine 
speed,  in  combination  with  predicted  turbine  speed 
for  the  new  speed  ratio,  provides  an  indication  of 
the  inertia  torque  required  to  effect  the  shift.  With 

this  information,  the  clutch  pressures  are  sched- 
uled  so  that,  for  any  value  of  input  torque  Ti,  the 
time  required  to  effect  the  shift  varies  in  direct  rela- 
tion  to  ANt.  However,  some  input  torque  dependen- 

5  cy  may  be  introduced  if  it  is  desired  to  stretch-out 
or  soften  off-pattern  shifts,  such  as  high- 
speed/low-torque  upshifts. 

The  status  of  the  torque  converter  clutching  de- 
vice  26  also  affects  the  scheduled  pressure.  If  the 

10  clutching  device  26  is  disengaged  during  the  shift, 
the  torque  converter  24  effectively  isolates  the  in- 
ertia  of  the  engine  12,  and  the  on-coming  clutching 
device  need  overcome  only  the  turbine  inertia.  If 
the  clutching  device  26  is  engaged  during  the  shift, 

"15  the  inertia  torque  must  be  significantly  greater, 
since  both  the  engine  and  turbine  inertias  must  be 
overcome. 

In  mechanising  the  determination  of  Tv,  the  gear- 
set  input  torque  Ti  is  calculated  as  a  function  of  the 

20  engine  manifold  absolute  pressure  (MAP),  the  en- 
gine  pumping  efficiency  (K),  a  mechanical  friction 
term  (Tf),  the  accessory  load  torque  (T|_),  and  the 
torque  multiplication  ratio  (Tc)  of  the  torque  convert- 

oc  er  24,  according  to  the  following  expression: 
Ti  =  [(MAP  x  K)  -  Tf  -  Tl]  x  Tc 

The  engine  MAP  is  determined  from  the  sensor 
296,  and  the  efficiency  K  is  stored  based  on  previ- 
ously  determined  data.  The  mechanical  friction  term 

30  Tf  is  determined  as  a  function  of  engine  speed,  and 
the  load  torque  term  Tl  is  determined  by  loading  indi- 
cators.  The  torque  multiplication  ratio  Tc  is  deter- 
mined  as  a  function  of  the  speed  ratio  Nt/Ne. 

The  desired  pressures  for  the  on-coming  and  off- 
35  going  clutching  devices  are  stored  as  a  function  of 

the  torque  variable  Tv  and  time,  as  graphically  de- 
picted  in  Figure  11.  For  any  given  value  of  the 
torque  variable  Tv,  the  aP  vs.  time  schedule  is  de- 
fined  by  a  pair  of  pressure  end-points,  one  such 

40  end-point  corresponding  to  an  initial  time  ti,  and  the 
other  corresponding  to  a  final  time  tf.  The  time  ti 
marks  the  beginning  of  the  torque  phase,  and  the 
time  tf  marks  the  end  of  the  inertia  phase.  If  the  cal- 

45  culated  torque  variable  Tv  is  zero  or  near-zero,  for 
example,  the  aP  vs.  time  schedule  is  defined  by  the 
line  350  interconnecting  the  pressure  end-points  Pa 
and  Pt>.  If  the  calculated  torque  variable  Tv  is  very 
high,  as  designated  by  Tv(max),  the  AP  vs.  time 

50  schedule  is  defined  by  the  line  352  interconnecting 
the  pressure  end-points  Pc  and  Pd.  In  practice,  only 
the  four  pressure  end-points  Pa,  Pb,  Pc  and  Pd  need 
be  stored  by  the  control  unit  270.  For  any  calculat- 
ed  torque  variable  value  Tvi  between  zero  and 

55  Tv(max),  the  initial  pressure  Px  is  linearly  interpolat- 
ed  along  the  line  354  interconnecting  the  initial  pres- 
sure  end-points  Pa  and  P0,  and  the  final  pressure 
Py  is  linearly  interpolated  along  the  line  356  inter- 

60  connecting  the  final  pressure  end-points  Pb  and  Pd. 
In  such  case,  the  aP  vs.  time  schedule  for  the  shift 
would  be  defined  by  the  line  358  interconnecting  the 
initial  and  final  pressures  Px  and  Py.  The  time  (tf  -  ti) 
for  a  given  shift  is  empirically  derived,  and  is 

65  stored  in  the  memory  of  the  control  unit  270.  The 
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pressure  schedules  may  be  defined  by  three  or 
more  pressure  end-points  if  desired,  using  the  tech- 
niques  described  herein. 

Although  the  pressure  control  algorithm  set  forth 
above  provides  good  results  in  a  well-calibrated  5 
system,  adaptive  compensation  will  be  needed  to 
correct  for  variations  in  system  performance  which 
affect  the  inertia  phase  torque.  In  conformity  with 
the  present  invention,  the  pressure  schedule  of 
Figure  1  1  is  adaptively  compensated  by  developing  a  10 
reference  inertia  phase  interval  trip  and  comparing 
it  with  a  measure  of  the  actual  inertia  phase  interval 
tip.  If  the  comparison  indicates  that  tip  is  too  long, 
the  pressure  schedule  is  corrected  upwardly,  and 
conversely  if  the  comparison  indicates  that  tip  is  too  15 
short,  the  pressure  schedule  is  corrected  down- 
wardly.  If  the  scheduled  clutch  pressures  are  de- 
veloped  to  result  in  constant  shift  time  for  a  given 
entry  turbine  speed  Net  as  described  above,  the 
reference  interval  trip  is  determined  solely  in  rela-  20 
tion  to  the  entry  turbine  speed  Nte.  If  some  input 
torque  dependency  is  included  to  soften  the  off- 
pattern  shifts  as  mentioned  above,  the  reference 
interval  trip  is  determined  as  a  function  of  both  Ti  25 
and  Nte. 

The  actual  inertia  phase  interval  tip  is  determined 
in  the  course  of  each  upshift  by  monitoring  the 
speed  ratio  Nt/N0.  The  initial  and  final  ratios  are 
known,  and  the  control  unit  270  continuously  com-  30 
putes  the  percentage  of  ratio  completion,  %RAT.  Al- 
gebraically,  %RAT  is  given  by  the  expression: 
%RAT  =  IRATmeas  -  RAT0|d|/|Ratnew  -  RAT0|d| 
where  RATmeas  is  the  actual  ratio,  RAT0id  is  the  ra- 
tio  of  the  previously  engaged  speed  ratio,  and  RAT-  35 
new  is  the  ratio  of  the  desired  speed  ratio.  The 
speed  ratio  for  a  typical  2-3  ratio  shift  is  graphically 
represented  by  the  trace  360  of  Figure  12.  In  such 
example,  the  ratio  changes  from  the  second-speed 
ratio  value  of  1.273  RPM/RPM  to  the  third-speed  40 
ratio  value  of  0.808  RPM/RPM.  Technically,  the  in- 
ertia  phase  of  the  shift  begins  at  time  to  when  the 
turbine  speed  (  and  hence,  the  ratio)  begins  to 
change,  and  ends  at  time  t3  when  the  ratio  reaches 
the  third-speed  ratio  value  of  0.808  RPM/RPM.  45 
However,  the  initial  and  final  non-linearity  of  the 
trace  makes  the  measurement  of  the  interval  to  to  t3 
somewhat  difficult.  To  obtain  a  more  repeatable  indi- 
cation  of  the  inertia  phase  interval  tip  and  to  permit 
reliable  extrapolation  of  the  available  data,  tip  is  de-  50 
fined  as  the  interval  between  20%  and  80%  of  ratio 
completion.  In  the  example  of  Figure  12,  the  ratio 
change  is  20%  complete  (1  .1  80  RPM/RPM)  at  time  ti, 
and  80%  complete  (0.901  RPM/RPM)  at  time  t2.  55 When  a  significant  difference  between  the  meas- 
ured  inertia  phase  interval  tip  and  the  reference  in- 
ertia  phase  interval  trip  is  detected,  the  control  unit 
270  develops  a  pressure  correction  amount  Cp  as  a 
function  of  such  difference,  and  apportions  the  60 
correction  amount  Cp  among  the  four  stored  pres- 
sure  end-points  Pa,  Pb,  Pc  and  Pd  defined  in  Figure 
1  1  .  The  pressure  correction  amount  Cp  is  determined 
in  a  manner  similar  to  that  described  above  in  rela- 
tion  to  the  fill  time  correction  amount  Cft.  That  is,  a  65 

non-linear  base  gain  schedule  and  direction-sensi- 
tive  dynamic  gain  modifier  similar  to  those  described 
above  in  relation  to  Figure  9  are  used. 

The  pressure  correction  amount  Cp  is  appor- 
tioned  among  the  stored  pressure  end-points  Pa, 
Pb,  Pc  and  Pd  as  a  function  of  the  torque  variable  Tv 
used  to  schedule  the  shift.  One  portion  of  the  cor- 
rection  amount  Cp  is  applied  equally  to  the  end- 
points  Pa  and  Pb,  and  the  remaining  portion  is  ap- 
plied  equally  to  the  end-points  Pc  and  Pd.  The  appor- 
tionment  is  performed  in  a  manner  similar  to  that  of 
the  fill  time  correction  amount  Cft  (described  above 
in  relation  to  Figure  1  0)  by  developing  a  gain  term  Gl 
for  the  end-points  Pa  and  Pb,  and  a  gain  term  Gh  for 
the  end-points  Pc  and  Pd.  The  end-points  Pa  and  Pb 
are  adjusted  by  the  amount  (Cp  *  Gl),  and  the  end- 
points  Pc  and  Pd  are  adjusted  by  the  amount  (Cp  * 
Gh).  When  the  torque  variable  Tv  is  relatively  low, 
most  of  the  correction  amount  Cp  will  be  applied  to 
the  end-points  Pa  and  Pb.  When  the  torque  variable 
Tv  is  relatively  high,  most  of  the  correction  amount 
Cp  will  be  applied  to  the  end-points  Pc  and  Pd.  Due  to 
the  adaptive  correction,  changing  conditions  which 
affect  the  inertia  phase  interval  are  compensated 
for  after  a  number  of  such  upshifts. 

The  flow  diagrams  depicted  in  Figures  13  to  17  rep- 
resent  program  instructions  to  be  executed  by  the 
microcomputer  302  of  the  control  unit  270  in  mecha- 
nising  ratio  shifting  and  the  adaptive  control  func- 
tions  of  this  invention.  The  flow  diagram  of  Figure  13 
represents  a  main  or  executive  program  which  calls 
various  sub-routines  for  executing  particular  con- 
trol  functions  as  necessary.  The  flow  diagrams  of 
Figures  14  to  17  represent  the  functions  performed 
by  those  sub-routines  which  are  pertinent  to  the 
present  invention. 

With  reference  now  more  particularly  to  Figure 
13,  the  reference  numeral  370  designates  a  set  of 
program  instructions  executed  at  the  initiation  of 
each  period  of  vehicle  operation  for  initialising  the 
various  registers,  timers  etc.  used  in  carrying  out 
the  control  functions  of  this  invention.  Following 
such  initialisation,  the  instruction  blocks  372  to  384 
are  repeatedly  executed  in  sequence  as  designated 
by  the  flow-diagram  lines  connecting  such  instruc- 
tion  blocks  and  the  return  line  386.  The  instruction 
block  372  reads  and  conditions  the  various  input 
signals  applied  to  the  I/O  device  300  via  the  lines 
272  to  284,  and  updates  (increments)  the  various 
control  unit  timers.  The  instruction  block  374  calcu- 
lates  various  terms  used  in  the  control  algorithms, 
including  the  input  torque  Ti,  the  torque  variable  Tv, 
and  the  speed  ratio  No/Ni.  The  algebraic  expres- 
sions  used  to  calculate  the  terms  Ti  and  Tv  are  given 
above  in  relation  to  Figure  1  1  .  The  instruction  block 
376  determines  the  desired  speed  ratio,  Rdes,  in  ac- 
cordance  with  a  number  of  inputs  including  throttle 
position,  vehicle  speed  and  manual  valve  position. 
In  the  transmission  control  art,  this  function  is  gen- 
erally  referred  to  as  shift  pattern  generation.  The 
instruction  block  378  determines  the  clutching  de- 
vice  pressure  commands  for  effecting  a  ratio  shift, 
if  required.  The  pressure  commands  for  the  pres- 
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sure  regulator  valve  (PRV)  and  non-shifting  clutch- 
ing  devices  are  also  determined.  An  expanded  de- 
scription  of  the  instruction  block  378  is  set  forth  be- 
low  in  relation  to  the  flow  diagrams  of  Figures  14  to 
15.  The  instruction  block  380  converts  the  clutching 
device  the  PRV  pressure  commands  to  a  PWM  duty 
cycle  based  on  the  operating  characteristics  of  the 
various  actuators  (empirically  determined),  and  en- 
ergises  the  actuator  coils  accordingly.  The  instruc- 
tion  block  382  relates  to  the  determination  of  adap- 
tive  corrections  for  the  empirically  derived  clutch 
pressure  schedules,  and  is  discussed  in  more  detail 
below  in  relation  to  Figure  17.  The  instruction  block 
384  relates  to  the  determination  of  adaptive  correc- 
tions  for  the  empirically  derived  clutch  fill  times,  and 
is  discussed  in  more  detail  below  in  relation  to  Fig- 
ures  16a  to  16c. 

As  indicated  above,  the  flow  diagrams  of  Figures 
14  and  15  set  forth  the  clutch  and  PRV  pressure  de- 
termination  algorithm  generally  referred  to  at  the 
main  loop  instruction  block  378  of  Figure  13.  On  en- 
tering  such  algorithm,  the  blocks  designated  gener- 
ally  by  the  reference  numeral  388  are  executed  to 
set  up  initial  conditions  if  a  shift  is  in  order.  If  a  shift 
is  in  order,  the  blocks  designated  generally  by  the 
reference  numeral  390  are  executed  to  develop 
pressure  commands  for  the  clutching  devices  in- 
volved  in  the  shift.  Thereafter,  the  instruction 
blocks  392  and  394  are  executed  to  develop  pres- 
sure  commands  for  the  non-shifting  clutches  and 
the  pressure  regulator  valve  PRV,  so  completing 
the  routine.  As  indicated  at  instruction  block  394, 
the  pressure  command  for  the  regulator  valve  PRV 
is  set  equal  to  the  highest  of  the  pressure  com- 
mands  for  the  various  clutching  devices. 

The  blocks  designated  by  the  reference  numeral 
388  include  the  decision  block  396  for  determining 
whether  a  shift  is  in  progress,  as  indicated  by  the 
"SHIFT  IN  PROGRESS"  flag;  the  decision  block 
398  for  determining  whether  the  actual  speed  ratio 
Ract  (that  is,  No/Nt)  is  equal  to  the  desired  speed  ra- 
tio  Rdes  determined  at  instruction  block  376  of  Fig- 
ure  13;  and  the  instruction  block  400  for  setting  up 
the  initial  conditions  for  a  ratio  shift.  The  instruction 
block  400  is  executed  only  when  the  decision  blocks 
396  and  398  are  both  answered  in  the  negative.  In 
such  case,  the  instruction  block  400  serves  to  set 
the  old  ratio  variable,  R0id,  equal  to  Raci,  to  set  the 
"SHIFT  IN  PROGRESS"  flag,  to  clear  the  shift  tim- 
ers,  and  to  calculate  the  fill  time  tfiii  for  the  on-com- 
ing  clutching  device.  If  a  shift  is  in  progress,  the  ex- 
ecution  of  the  blocks  398  and  400  is  skipped,  as  in- 
dicated  by  the  flow  diagram  line  402.  If  no  shift  is  in 
progress,  and  the  decision  block  398  is  answered  in 
the  affirmative,  the  execution  of  the  instruction 
block  400  and  the  blocks  designated  by  the  refer- 
ence  numeral  390  is  skipped,  as  indicated  by  the 
flow  diagram  line  404. 

The  blocks  designated  by  the  reference  numeral 
390  include  the  decision  block  406  for  determining 
whether  the  shift  is  an  upshift  or  a  downshift;  the  in- 
struction  block  408  for  developing  pressure  com- 
mands  for  the  active  (shifting)  clutching  devices  if 
the  shift  is  an  upshift;  and  the  instruction  block  410 

for  developing  the  pressure  commands  for  the  ac- 
tive  clutching  devices  if  the  shift  is  a  downshift.  To 
illustrate  how  such  pressure  commands  are  devel- 
oped,  the  steps  involved  in  the  development  of  a 

5  typical  power-on  upshift  (i.e.  instruction  block  408) 
are  set  forth  in  the  flow  diagram  of  Figure  15. 

On  entry  into  the  flow  diagram  of  Figure  15,  the 
decision  block  412  is  first  executed  to  determine 
whether  the  fill  phase  of  the  shift  has  been  complet- 

10  ed,  as  indicated  by  the  "FILL  COMP"  flag.  If  not, 
the  flow  diagram  branch  generally  designated  by  the 
reference  numeral  414  is  executed;  or  if  so,  the 
flow  diagram  branch  generally  designated  by  the 
reference  numeral  416  is  executed. 

15  The  flow  diagram  branch  414  includes  a  fill  initial- 
ising  routine  comprising  the  blocks  41  8  and  420,  and 
a  fill  completion  routine  comprising  the  blocks  422 
and  424.  At  the  beginning  of  each  shift,  the  "FILL 
COMP"  flag  is  not  set,  and  the  decision  block  418 

20  of  the  fill  initialising  routine  is  executed  to  determine 
whether  the  fill  phase  has  started,  as  indicated  by 
the  "FILL  START'  flag.  Initially,  the  "FILL  START" 
flag  is  not  set,  and  the  instruction  block  420  is  exe- 
cuted  to  set  the  energisation  duty  cycle  of  the  on- 

25  coming  clutching  device,  DC(ONC),  equal  to  100%, 
to  set  the  "FILL  START"  flag,  and  to  start  the  FILL 
TIMER  and  the  adaptive  fill  timer,  AFILL  TIMER. 
Thereafter  the  decision  block  418  is  answered  in  the 
affirmative,  and  execution  of  the  instruction  block 

30  420  is  skipped,  as  indicated  by  the  flow  diagram  line 
426.  The  decision  block  422  of  the  fill  completion 
routine  determines  whether  the  count  in  FILL  TIM- 
ER  is  greater  than  or  equal  to  the  fill  time  tfiii  deter- 
mined  at  the  instruction  block  400  of  Figure  14.  If 

35  so,  the  instruction  block  424  is  executed  to  set 
DC(ONC)  equal  to  0%,  to  save  the  entry  turbine 
speed  Nte,  and  to  set  the  "FILL  COMP"  flag.  If  the 
decision  block  422  is  answered  in  the  negative,  the 
fill  phase  is  incomplete,  and  execution  of  the  instruc- 

40  tion  block  242  is  skipped,  as  indicated  by  the  flow  di- 
agram  line  428. 

The  flow  diagram  branch  416  includes  a  shift  ini- 
tialising  routine  comprising  the  blocks  430  to  436, 
and  a  shift  completion  routine  comprising  the  blocks 

45  438  to  444.  The  decision  block  430  of  the  initialis- 
ing  routine  determines  whether  the  "FILL  COMP" 
flag  has  just  been  set,  as  indicated  by  the  status  of 
the  "FIRST  FILL"  flag.  If  so,  the  instruction  blocks 
432  and  434  are  executed  to  set  up  the  torque  and 

50  inertia  phases  of  the  shift.  The  instruction  block 
432  determines  the  pressure  parameters  Pi,  Pf,  and 
tf  for  the  on-coming  (ONC)  and  off-going  (OFG) 
clutching  devices.  The  instruction  block  434  calcu- 
lates  the  reference  inertia  phase  interval  trip  as  a 
function  of  Nte,  Roid,  and  Rdes,  starts  the  timer,  IP 
TIMER,  and  resets  the  "FIRST  FILL"  flag.  Thereaf- 
ter,  the  decision  block  430  is  answered  in  the  nega- 
tive,  and  the  instruction  block  436  is  executed  to 

60  calculate  the  value  of  the  term  %RATCOMP  for 
use  in  the  adaptive  pressure  correction  algorithm. 
In  the  inertia  phase  completion  routine,  the  decision 
blocks  438  and  440  are  executed  to  determine 
whether  the  count  in  IP  TIMER  is  at  a  maximum  val- 

65  ue,  MAX,  or  whether  the  term  %RATCOMP  is  sub- 
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stantially  equal  to  100%.  If  either  of  the  decision 
jlocks  438  or  440  is  answered  in  the  affirmative, 
he  shift  is  complete,  and  the  instruction  block  442 
s  executed  to  reset  the  "SHIFT  IN  PROGRESS" 
lag,  to  set  the  on-coming  duty  cycle,  DC(ONC), 
squal  to  100%,  and  to  set  the  off-going  duty  cycle, 
DC(OFG),  equal  to  0%.  If  both  decision  blocks  438 
and  440  are  answered  in  the  negative,  the  instruc- 
tion  block  444  is  executed  to  determine  the  on-com- 
ng  and  off-going  pressure  commands,  P(ONC)  and 
P(OFG),  as  a  function  of  the  Pi,  Pf,  tf  and  IP  TIMER 
i/alues. 

The  flow  diagram  of  Figures  16a  to  16c  represents 
an  algorithm  for  adaptively  correcting  the  determi- 
nation  of  fill  time  tfiii  in  conformity  with  the  present 
invention.  As  is  set  forth  above  in  relation  to  Fig- 
ures  7  to  10,  such  algorithm  involves  the  detection 
af  turbine  speed  turn-down  in  the  course  of  an  up- 
shift,  the  determination  of  the  error  Eft  between 
measured  and  desired  inertia  phase  delays,  IPDE- 
LAY  and  DESDELAY,  and  the  application  of  an  er- 
ror-dependent  correction  amount  Cft  to  the  end- 
points  L  and  H  of  the  stored  tfiii  vs.  AP  relationship. 
Generally,  the  portions  of  the  flow  diagram  depicted 
in  Figures  16a  to  16b  relate  to  turn-down  detection, 
and  the  determination  of  error  En,  and  the  portion 
depicted  in  Figure  16c  relates  to  the  application  of 
the  correction  amount  Cftto  the  end-points  L  and  H. 
The  flow  diagram  portions  are  joined  where  indicat- 
ed  by  the  circled  numerals  1  ,  2  and  3. 

With  reference  now  more  particularly  to  Figure 
16a,  the  decision  blocks  450  to  452  refer  to  initial 
conditions  which  must  be  satisfied  before  enabling 
the  turn-down  detection  algorithm.  The  detection  al- 
gorithm  is  enabled  only  if  a  single  ratio  upshift  is  in 
progress  (block  450),  and  the  turn-down  has  not 
yet  been  detected  (as  determined  by  a 
"TURNDOWN"  flag  at  block  452).  If  either  condi- 
tion  is  not  met,  execution  of  the  algorithm  is  skipped, 
as  indicated  by  the  flow  diagram  return  line  456. 

The  turbine  speed  turn-down  detection  algorithm 
includes  an  initialising  routine  comprising  the  blocks 
458  to  462,  and  an  end  of  fill  (EOF)  identification 
routine  comprising  the  blocks  464  to  486.  As  is  ex- 
plained  above,  the  turn-down  detection  involves  de- 
termining  the  time  between  pulses,  T/TP,  of  the  tur- 
bine  speed  signal  on  the  line  274,  and  novel  signal 
processing  of  the  measured  times.  The  measure- 
ment  of  T/TP  is  made  with  a  timer,  PULSE  TIMER, 
which  is  reset  (enabled  to  start  counting)  each  time 
a  turbine  speed  pulse  is  identified. 

The  initialising  routine  is  executed  only  when  the 
algorithm  is  first  enabled  in  the  course  of  a  shift,  as 
indicated  by  the  "FIRST  ENABLED"  flag.  Once  the 
first  turbine  pulse  has  been  identified  by  the  deci- 
sion  block  460,  the  instruction  block  462  is  execut- 
ed  to  start  the  PULSE  TIMER  and  to  reset  the 
"FIRST  ENABLED"  flag.  Thereafter,  the  decision 
block  458  is  answered  in  the  negative,  and  the  EOF 
identification  routine  is  entered. 

As  with  the  initialising  routine,  the  EOF  identifica- 
tion  routine  includes  a  decision  block  464  for  identi- 
fying  turbine  speed  pulses,  and  an  instruction  block 
466  that  is  executed  each  time  a  pulse  is  identified, 

for  resetting  the  pulse  riMbR.  Prior  to  resetting 
of  the  PULSE  TIMER,  however,  the  time  per  turbine 
pulse,  T/TP,  counted  by  the  PULSE  TIMER  is  read 
and  stored.  Thereafter,  the  instruction  block  468  is 

5  executed  to  compute  the  average  time  between  tur- 
bine  pulses,  AT/TP;  the  average  change  in  time  be- 
tween  turbine  pulses,  A  T/TP;  the  predicted  time  be- 
tween  turbine  pulses,  PT/TP(k+2)  and  between  loop, 
PT/TP(L);  the  loop  error  time  between  turbine  puls- 

I0  es,  ET/TP(L);  and  the  filtered  loop  error  time  be- 
tween  turbine  pulses,  FET/TP(L).  The  instruction 
block  470  is  then  executed  to  determine  the  first 
and  second  error  thresholds  Etn(1)  and  Etn(2)  as  a 
function  of  the  calculated  FET/TP(L). 

1  5  Thereafter,  the  decision  block  472  is  executed  to 
determine  whether  the  shift  has  progressed  to  with- 
in  200  ms  of  the  expected  end  of  fill.  If  not,  the  in- 
struction  block  474  is  executed  to  read  the  AFILL 
TIMER,  and  the  remainder  of  the  routine  is  skipped, 

20  as  indicated  by  the  flow  diagram  line  488.  If  the  deci- 
sion  block  472  is  answered  in  the  affirmative,  the 
decision  blocks  476  and/or  478  are  executed,  to 
compare  the  error  time  ET/TP(L)  with  the  thresholds 
Eth(1)  and  Em(2)  for  determining  whether  a  turn- 

25  down  has  occurred.  If  the  error  time  ET/TP(L)  does 
not  exceed  the  first  threshold  Eth(1),  the  instruction 
block  474  is  executed  to  read  the  AFILL  TIMER, 
and  the  remainder  of  the  routine  is  skipped,  as  indi- 
cated  by  the  flow  diagram  return  line  488.  If  the  time 

30  error  does  exceed  the  first  threshold,  the  decision 
block  478  is  executed  to  compare  the  error  time  with 
the  second  threshold  Eth(2).  If  the  second  thresh- 
old  is  exceeded,  the  turn-down  detection  is  assumed 
valid,  and  the  instruction  block  480  is  executed  to 

35  set  the  "TURNDOWN"  flag.  If  the  second  threshold 
is  not  exceeded,  the  remainder  of  the  routine  is 
skipped,  as  indicated  by  the  flow  diagram  line  488. 

Once  the  turbine  speed  turn-down  has  been  de- 
tected,  the  decision  block  484  is  executed  to  deter- 

40  mine  whether  the  shift  is  suitable  for  the  formulation 
of  an  adaptive  correction.  Examples  of  the  indicia 
used  to  make  such  determination  include  stable 
throttle  position,  positive  calculated  input  torque  Ti, 
and  suitable  transmission  fluid  temperature.  If  the 
various  parameters  are  not  indicative  of  a  normal- 
pattern  shift,  the  remainder  of  the  algorithm  is 
skipped,  as  indicated  by  the  flow  diagram  return  line 
488.  If  the  parameters  are  indicative  of  a  normal 
pattern  shift,  the  instruction  block  486  is  executed, 
to  determine  the  measured  inertia  phase  delay,  IP- 
DELAY,  the  desired  inertia  phase  delay,  DESDE- 
LAY,  and  the  fill  time  error,  Eft.  As  is  indicated  at  in- 
struction  block  486,  IPDELAY  is  computed  accord- 

,,  ing  to  the  difference  between  the  count  in  AFILL 
TIMER  and  the  scheduled  tfiii;  DESDELAY  is  deter- 
mined  as  a  function  of  the  line  pressure  command 
PL  and  the  shift  type;  and  En  is  computed  according 
to  the  difference  (IPDELAY  -  DESDELAY).  As  is 

60  described  above,  the  sign  of  the  fill  time  error  En  in- 
dicates  whether  the  on-coming  clutching  device  was 
overfilled  (negative)  or  underfilled  (positive),  and 
the  magnitude  thereof  indicates  the  amount  of  error. 

To  lessen  the  likelihood  of  an  erroneous  fill  time 
65  correction  being  made  due  to  spurious  error,  and  to 
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prevent  unnecessary  correction  of  the  fill  time  due 
to  a  pressure  scheduling  error,  the  adaptive  fill  al- 
gorithm  includes  a  limiting  routine  comprising  the 
blocks  490  to  512. 

The  blocks  490  to  498  operate  to  limit  fill  time  cor- 
rections  in  response  to  unusually  high  overfill  error 
by  comparing  the  error  term  Eftwith  a  negative  ref- 
erence,  -REF,  which  corresponds  to  a  severe 
overfill  indication.  In  the  event  of  a  severe  overfill 
indication,  the  error  Eft  is  limited  to  a  relatively  small 
value,  -Esm,  until  three  or  more  of  such  error  indica- 
tions  have  been  determined  in  succession.  A  large 
overfill  counter,  LG  OVF  COUNTER,  is  used  to 
keep  track  of  the  number  of  successive  overfill  in- 
dications.  When  a  severe  overfill  is  indicated  (as 
sensed  by  the  decision  block  490),  the  instruction 
block  492  is  executed  to  increment  the  LG  OVF 
COUNTER;  when  a  smaller  overfill  is  indicated,  the 
instruction  block  494  is  executed  to  decrement  the 
LG  OVF  COUNTER.  Until  the  LG  OVF  COUNTER 
has  been  incremented  to  three  or  greater  (as  deter- 
mined  by  decision  block  496),  the  instruction  block 
498  is  executed  to  limit  the  error  Eft  to  a  relatively 
small  overfill  indication,  -Esm-  When  the  LG  OVF 
COUNTER  has  been  incremented  to  three  or  great- 
er,  the  limit  is  no  longer  effective. 

The  blocks  500  to  502  operate  in  response  to  a 
large  positive  inertia  phase  error  EjP  (explained  be- 
low  with  reference  to  Figure  17)  to  limit  positive 
(underfill)  fill  time  error  Eftto  a  reference  small  val- 
ue,  +Esm.  As  is  illustrated  in  Figure  6,  improperly 
low  pressure  scheduling  in  the  torque  and  inertia 
phases  reduces  the  torque  available  for  decelerat- 
ing  the  turbine  and  delays  the  turbine  speed  turn- 
down.  In  such  case,  the  late  turn-down  detection 
may  be  misinterpreted  as  an  underfill  error  by  the 
fill  time  adaptive  algorithm,  even  if  the  scheduled  fill 
time  is  correct.  To  prevent  significant  correction  of 
the  fill  time  in  response  to  such  a  misinterpretation, 
the  decision  block  500  compares  the  inertia  phase 
error,  EiP,  with  a  positive  reference,  +REF,  indica- 
tive  of  undesirably  low  pressure  scheduling.  If  the 
error  EiP  exceeds  the  reference,  +REF,  the  instruc- 
tion  block  502  is  executed,  to  limit  the  fill  time  error 
En  to  a  relatively  small  positive  value,  +ESm.  If  the 
reference  +REF  is  not  exceeded,  the  sensed  fill 
time  error  Eft  is  not  limited. 

The  blocks  504  to  512  operate  to  limit  fill  time  cor- 
rections  when  the  vehicle  speed  is  so  high  that 
overfill  (bind-up)  is  difficult  to  determine  reliably. 
Under  such  conditions,  the  normal  fill  time  correc- 
tions  are  permitted  only  if  turbine  speed  flare  is 
sensed,  or  if  the  fill  time  error  Eft  indicates  a  rela- 
tively  high  underfill.  In  all  other  cases,  a  relatively 
small  overfill  error  (-ESm)  is  assumed.  If  the  as- 
sumed  overfill  error  is  actually  incorrect,  underfill 
errors  will  be  detected  in  successive  shifting,  and 
the  correction  will  be  reversed.  The  block  504  com- 
pares  the  vehicle  speed  Nvwith  a  reference  high 
speed  indication,  REFhi.  If  Nv  exceeds  REFhi,  the 
decision  block  506  is  executed  to  determine  whether 
turbine  speed  flare  has  been  detected.  If  so,  the  un- 
derfill  indication  is  assumed  to  be  reliable,  and  the 

error  En  is  not  limited.  If  turbine  speed  flare  is  not 
detected,  the  decision  block  508  is  executed  to  de- 
termine  whether  the  fill  time  error  En  is  positive  and 
greater  than  a  relatively  high  reference  value, 5  +REF.  If  so,  the  instruction  block  510  is  executed  to 
set  the  fill  time  error  En  equal  to  a  moderate  positive 
amount,  +Em0d.  If  En  is  less  than  +REF,  the  instruc- 
tion  block  512  is  executed  to  set  the  fill  time  error  En 

1Q  equal  to  the  relatively  small  overfill  indication,  -Esm. 
If  Nv  is  not  in  excess  of  REFhi,  the  execution  of  the 
blocks  506  to  512  is  skipped,  as  indicated  by  the 
flow  diagram  line  514. 

Subsequent  to  the  limiting  routine,  the  instruction 
15  blocks  516  to  518  are  executed  to  correct  the  fill  time 

end-points  L  and  H  in  relation  to  the  error  En  and 
the  time  integral  of  En.  The  instruction  block  516  up- 
dates  the  time  integral  of  En  and  calculates  a 
number  of  terms  including  the  fill  time  correction  Cn, 

20  the  end-point  gain  factors  Gh  and  Gl,  and  the  end- 
point  correction  amounts  Clep  and  Chep-  The  in- 
struction  block  518  applies  the  end-point  correction 
amounts  Clep  and  CHEPto  the  end-points  L  and  H  re- 
spectiveiy.  As  is  described  above  in  relation  to  Fig- 
ure  9,  the  correction  amount  Cn  is  determined  as  a 
function  of  En  and  the  time  integral  of  En.  As  is  de- 
scribed  above  in  relation  to  Figure  10,  the  gain  fac- 
tors  Gl  and  Gh  are  determined  as  a  function  of  the 

30  line  pressure  command  PL,  the  respective  gain  fac- 
tors  being  multiplied  by  the  correction  amount  Cn  to 
determine  the  end-point  correction  amounts  Clep 
and  Chep- 

The  adaptive  pressure  correction  algorithm  is  de- 
35  picted  by  the  flow  diagram  of  Figure  17.  As  is  de- 

scribed  above,  the  algorithm  comprises  the  steps  of 
obtaining  a  measure  tip  of  the  inertia  phase  interval, 
comparing  tip  with  a  reference  interval  trip  to  obtain 
an  inertia  phase  error  term  EiP,  and  correcting  the 

40  stored  pressure  end-points  in  relation  to  EiP  and  the 
time  integral  of  EiP.  The  measured  interval  begins 
when  the  ratio  shift  is  20%  complete,  and  ends  when 
the  ratio  shift  is  80%  complete,  as  judged  by  the 

+5  term  %RATCOMP.  The  algorithm  includes  an  initial- 
ising  routine,  an  interval  measurement  routine,  and 
a  correction  routine.  The  initialising  routine  compris- 
es  the  blocks  520  to  526;  the  interval  measurement 
routine  comprises  the  blocks  528  to  542;  and  the 

-0  correction  routine  comprises  the  blocks  544  to  546. 
In  the  initialising  routine,  the  decision  blocks  520 

and  522  are  executed  to  determine  whether  a  single 
ratio  upshift  is  in  progress,  and  whether  the  ratio 
shift  is  at  least  20%  complete,  as  judged  by  the  term 

i5  %RATCOMP.  If  either  of  the  decision  blocks  520 '  and  522  is  answered  in  the  negative,  the  remainder 
of  the  flow  diagram  is  skipped,  as  indicated  by  the 
flow  diagram  return  line  550.  When  both  decision 
blocks  are  answered  in  the  affirmative,  the  decision 

30  block  524  is  executed  to  determine  whether  the  IP 3  flag  is  set.  This  flag  marks  the  beginning  of  the 
measured  inertia  phase  interval,  and  is  set  by  the  in- 
struction  block  526  the  first  time  that  the  decision 
block  524  is  executed.  The  instruction  block  526  al- 

,5  so  serves  to  start  the  IP  TIMER.  Thereafter,  the  in- 

4 
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struction  block  524  is  answered  in  the  negative, 
and  the  measurement  routine  is  entered. 

In  the  measurement  routine,  the  decision  block 
528  is  executed  to  compare  the  count  in  the  IP  TIM- 
ER  with  the  reference  interval,  trip.  As  long  as  the 
count  in  IP  TIMER  is  less  than  trip,  the  blocks  530  to 
534  are  executed  to  stop  IP  TIMER  at  80%  comple- 
tion  and  to  calculate  the  inertia  phase  error  EiPac- 
cording  to  the  difference  (IP  TIMER  -  trip).  Howev- 
er,  when  the  count  in  IP  TIMER  exceeds  trip,  the 
blocks  536  to  542  are  executed  to  either  (1)  set  the 
error  EiPat  a  predetermined  large  value,  Ei_g,  if  the 
shift  is  less  than  50%  complete,  or  (2)  compute  the 
error  EjP  in  relation  to  the  difference  between  trip 
and  a  linear  extrapolation  of  the  inertia  phase  time, 
tip.  In  the  latter  case,  the  time  tip  is  extrapolated 
from  the  current  values  of  IP  TIMER  and 
%RATCOMP,  as  indicated  at  the  instruction  block 
540  by  the  expression: 
tip  =  (IPTIMER*.60)/(%RATCOMP-.20) 

Once  the  inertia  phase  error  EiP  has  been  deter- 
mined,  the  decision  block  542  is  executed  to  deter- 
mine  whether  the  various  parameters  monitored  in 
the  course  of  the  shift  are  indicative  of  a  normal- 
pattern  shift.  As  is  described  above  in  relation  to 
the  adaptive  fill  time  correction,  such  parameters  in- 
clude  stable  throttle  position,  positive  torque,  and 
satisfactory  oil  temperature  throughout  the  shift.  If 
the  decision  block  542  is  answered  in  the  affirma- 
tive,  an  adaptive  pressure  correction  may  be  relia- 
bly  made,  and  the  correction  routine  is  entered. 

In  the  correction  routine,  the  instruction  blocks 
544  and  546  are  executed  to  correct  the  pressure 
end-points  Pa,  Pb,  Pc  and  Pd  in  relation  to  the  error 
Ejp  and  the  time  integral  of  EjP.  The  instruction  block 
544  updates  the  time  integral  of  EiP,  and  calculates 
a  number  of  terms  including  the  inertia  phase  pres- 
sure  correction  CiP,  the  end-point  gain  factors  Gh 
and  Gl,  and  the  end-point  correction  amounts  Clep 
and  Chep.  The  instruction  block  546  applies  the  end- 
point  correction  amounts  Clep  and  Chep  to  the  pres- 
sure  end-points.  As  is  described  above  in  relation 
to  Figure  9,  the  correction  amount  CiP  is  determined 
as  a  function  of  EiP  and  the  time  integral  of  EiP.  As 
is  described  above  in  relation  to  Figure  10,  the  gain 
factors  Gl  and  Gh  are  determined  as  a  function  of 
the  torque  variable  Tv,  the  respective  gain  factors 
being  multiplied  by  the  correction  amount  Cipto  de- 
termine  the  end-point  correction  amounts  Clep  and 
Chep-  The  end-point  correction  amount  Clep  is  ap- 
plied  to  the  pressure  end-points  Pa  and  Pb,  whereas 
the  end-point  correction  amount  Chep  is  applied  to 
the  pressure  end-points  Pc  and  Pd.  In  future  shifts, 
the  pressure  supplied  to  the  subject  clutching  de- 
vice  will  result  in  an  inertia  phase  interval  more 
nearly  equal  to  the  reference  interval  triPand  a  more 
nearly  optimum  quality  shift. 

Claims 

1.  A  method  of  adaptively  correcting  the  opera- 
tion  of  a  shift  control  system  for  a  motor  vehicle 

multiple  speed-ratio  automatic  transmission,  in 
which  the  speed  rate  of  change  of  a  transmission  el- 
ement  is  made  to  conform  to  a  reference  rate,  for 
correcting  the  operation  of  a  control  system  for  a 

5  transmission  (10)  having  a  fluid-operated  torque-es- 
tablishing  device  (28,30,32,34)  associated  with  a 
specified  speed  ratio  and  a  source  (60)  of  fluid 
pressure,  characterised  in  that  shifting  from  a  cur- 
rently  engaged  speed  ratio  to  the  specified  speed 

10  ratio  includes  a  preparation  phase  during  which  flu- 
id  is  supplied  from  the  source  (60)  to  the  torque-es- 
tablishing  device  (28,30,32,34)  for  a  predetermined 
time  to  fill  the  device  (28,30,32,34)  in  preparation 
for  torque  transmission,  and  a  completion  phase 

15  during  which  further  fluid  is  supplied  to  the  torque- 
establishing  device  (28,30,32,34)  to  initiate  and  pro- 
gressively  increase  the  transmission  of  torque 
therethrough,  a  method  of  adaptively  correcting  the 
predetermined  time  for  sources  of  error  which  de- 

20  grade  the  shift  quality  by  causing  an  overfill  condi- 
tion  wherein  the  initiation  of  torque  transmission 
through  the  torque-establishing  device 
(28,30,32,34)  occurs  prior  to  the  commencement  of 
the  completion  phase  or  an  underfill  condition 

25  wherein  the  initiation  of  torque  transmission  through 
the  torque-establishing  device  (28,30,32,34)  oc- 
curs  after  the  commencement  of  the  completion 
phase  comprises  the  steps  of: 
detecting  the  occurrence  of  a  change  in  transmis- 

30  sion  input  speed  due  to  the  initiation  of  torque  trans- 
mission  through  the  torque-establishing  device 
(28,30,32,34); 
developing  an  actual  time  indication  in  relation  to  the 
detected  occurrence  of  such  input  speed  change 

35  and  a  reference  time  indication  in  relation  to  the  time 
at  which  an  input  speed  change  would  be  expected 
to  occur  during  normal  operation; 
comparing  the  actual  time  indication  with  the  refer- 
ence  time  indication  in  order  to  detect  the  occur- 

40  rence  of  overfill  or  underfill  conditions;  and 
adjusting  the  predetermined  time  in  accordance  with 
the  comparison  so  as  to  increase  the  predetermined 
time  when  an  underfill  condition  is  detected,  and  de- 
crease  the  predetermined  time  when  an  overfill  con- 

45  dition  is  detected,  thereby  to  improve  the  shift  quali- 
ty  in  subsequent  shifts  to  the  specified  speed  ratio. 

2.  A  method  according  to  claim  1  ,  characterised  in 
that  the  method  includes  the  additional  step  of: 
determining  the  amount  of  adjustment  of  the  prede- 

50  termined  time  in  accordance  with  a  first  term  de- 
pendent  on  the  difference  between  the  actual  and 
the  reference  time  indications  and  a  second  term  de- 
pendent  on  the  integral  of  such  difference  with  re- 
spect  to  time. 

55  3.  A  method  according  to  claim  2,  characterised 
in  that  the  method  includes  the  additional  step  of: 
resetting  the  second  term  to  zero  when  the  differ- 
ence  between  the  actual  and  the  reference  time  indi- 
cations  changes  sign  and  has  a  magnitude  in  excess 

60  of  a  reference  amount. 
4.  A  method  according  to  any  one  of  claims  1  to  3, 

characterised  in  that  the  method  includes  the  addi- 
tional  step  of: 
limiting  the  amount  of  adjustment  of  the  predeter- 

65  mined  time  to  a  maximum  reference  determined  in  re- 
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lation  to  the  difference  between  the  actual  and  the 
reference  time  indications. 

5.  A  method  according  to  any  one  of  claims  1  to  3, 
characterised  in  that  the  method  includes  the  addi- 
tional  steps  of: 
delaying  the  adjustment  of  the  predetermined  time 
substantially  until  the  end  of  the  completion  phase 
of  the  shift; 
detecting  a  condition  of  an  abnormal  rate  of  torque 
transmission  through  the  torque-establishing  de- 
vice  (28,30,32,34)  in  the  completion  phase  of  the 
speed-ratio  shift  which  could  alter  the  detected  oc- 
currence  of  input  speed  change  used  to  develop 
the  actual  time  indication;  and 
limiting  the  adjustment  of  the  predetermined  time  to  a 
relatively  small  amount  in  response  to  such  detec- 
tion  so  as  to  prevent  substantial  adjustment  of  the 
predetermined  time  following  shifts  wherein  an  ab- 
normality  in  the  completion  phase  thereof  could  re- 
sult  in  an  erroneous  detection  of  overfill  or  underfill 
condition. 

6.  A  method  according  to  any  one  of  claims  1  to  3, 
characterised  in  that  the  method  includes  the  addi- 
tional  steps  of: 
identifying  the  occurrences  of  substantial  deviation 
between  the  actual  and  reference  time  indications  in 
at  least  one  direction;  and 
limiting  the  adjustment  of  the  predetermined  time  in 
response  to  such  occurrences  to  a  relatively  small 
amount  until  such  occurrences  have  been  identified 
in  a  predetermined  number  of  successive  shifts  in- 
volving  the  torque-establishing  device 
(28,30,32,34). 

7.  A  method  according  to  any  one  of  claims  1  to  6, 
characterised  in  that  the  method  includes  the  addi- 
tional  steps  of: 
identifying  vehicle  operating  conditions  for  which 
the  occurrence  of  an  overfill  condition  cannot  be 
reliably  detected;  and 
in  response  to  the  identification  of  such  operating 
conditions,  permitting  adjustments  which  increase 
the  predetermined  time  if  a  relatively  large  underfill 
is  detected,  and  otherwise  decreasing  the  predeter- 
mined  time  by  a  relatively  small  reference  amount, 
whereby  if  the  decrease  degrades  the  shift  quality, 
an  underfill  condition  will  be  detected  in  subsequent 
shifts  involving  the  torque-establishing  device 
(28,30,32,34),  and  such  decreasing  of  the  prede- 
termined  time  will  be  reversed. 

8.  A  method  according  to  claim  1,  characterised  in 
that  the  source  (60)  of  fluid  pressure  is  controlled 
to  develop  fluid  pressure  in  accordance  with  a  line 
pressure  command,  the  predetermined  time  consti- 
tutes  a  fill  interval,  the  method  of  adaptively  cor- 
recting  the  predetermined  time  constitutes  a  method 
of  compensating  for  sources  of  error,  prior  to  the 
step  of  detecting  the  occurrence  of  a  change  in 
transmission  input  speed  the  method  includes  the 
step  of  determining  the  fill  interval  as  a  stored  func- 
tion  of  the  line  pressure  command,  and  the  step  of 
adjusting  the  predetermined  time  in  accordance  with 
the  time  indication  comparison  is  effected  by  adjust- 
ing  the  stored  function  so  that  if  an  underfill  condi- 
tion  is  detected  the  fill  interval  determined  in  subse- 
quent  shifts  to  the  specified  speed  ratio  will  be  long- 

er  than  would  otherwise  occur,  whereas  if  an 
overfill  condition  is  detected  the  fill  interval  deter- 
mined  in  subsequent  shifts  to  the  specified  speed 
ratio  will  be  shorter  than  would  otherwise  occur. 

5  9.  A  method  according  to  claim  1  ,  characterised  in 
that  the  method  is  effective  to  cause  the  torque-es- 
tablishing  device  (28,30,32,34)  to  be  overfilled  or 
underfilled  at  the  end  of  the  preparation  phase,  and 
that  the  method  steps  prior  to  the  developing  of  an 

10  actual  time  indication  comprise  the  steps  of: 
sampling  information  related  to  the  transmission  in- 
put  speed  during  the  course  of  the  speed  ratio  shift; 
predicting  a  future  transmission  input  speed  value 
based  on  an  extrapolation  of  previously  sampled 

15  transmission  input  speed-related  information;  and 
indicating  a  detection  of  transmission  input  speed 
change  due  to  the  initiation  of  torque  transmission 
through  the  torque-establishing  device 
(28,30,32,34)  when  the  current  transmission  input 

20  speed  differs  from  the  predicted  transmission  input 
speed  by  at  least  a  reference  amount. 

10.  A  method  according  to  claim  9,  characterised 
in  that  the  method  includes  the  further  steps  of: 
defining  a  window  of  time  in  relation  to  the  end  of  the 

25  predetermined  time  such  that  in  the  worst-case  un- 
derfill  and  overfill  conditions  the  change  in  trans- 
mission  input  speed  due  to  the  initiation  of  torque 
transmission  through  the  torque-establishing  de- 
vice  (28,30,32,34)  would  occur  within  the  window; 

30  and 
enabling  the  detection  of  overfill  and  underfill  condi- 
tions  only  within  the  window,  thereby  to  minimise  the 
likelihood  of  erroneous  adjustment  of  the  predeter- 
mined  time  due  to  the  presence  of  spurious  noise  in 

35  the  sampled  speed-related  information. 
1  1  .  A  method  according  to  claim  9,  characterised 

in  that  the  method  includes  the  further  steps  of: 
filtering  the  actual  speed  error  values  to  provide  a 
measure  of  the  spurious  noise  present  in  the  trans- 

40  mission  input  speed-related  information;  and 
adjusting  the  reference  error  value  in  relation  to 
the  measure  of  spurious  noise,  thereby  to  minimise 
the  likelihood  of  erroneous  adjustment  of  the  prede- 
termined  time  due  to  the  presence  of  spurious  noise 

45  in  the  sampled  transmission  input  speed-related  in- 
formation. 

12.  A  method  according  to  claim  1,  characterised 
in  that  the  method  is  effective  to  cause  the  torque- 
establishing  device  (28,30,32,34)  to  be  overfilled 

50  or  underfilled  at  the  end  of  the  preparation  phase, 
and  that  the  method  steps  prior  to  the  developing  of 
an  actual  time  indication  comprise: 
initiating  the  measurement  of  a  time  interval  at  the 
commencement  of  the  preparation  phase  of  the 

55  shift; 
predicting  a  future  transmission  input  speed  value 
based  on  an  extrapolation  of  current  and  previously 
sampled  information  relating  to  the  transmission  in- 
put  speed; 

60  developing  an  actual  speed  error  value  in  relation 
to  the  difference  between  the  current  transmission 
input  speed  and  the  predicted  transmission  input 
speed; 
sampling  the  measured  time  interval  when  the  actual 

65  speed  error  value  exceeds  a  reference  error  value 
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to  obtain  a  measure  of  the  time  required  to  effect  an 
input  speed  change  due  to  the  initiation  of  torque 
transmission  through  the  torque-establishing  de- 
vice  (28,30,32,34); 
comparing  the  sampled  time  interval  with  a  refer- 
ence  interval  representative  of  the  time  that  would 
normally  be  required  for  the  initiation  of  torque 
transmission  through  the  torque-establishing  de- 
vice  to  effect  a  transmission  input  speed  change,  to 
thereby  detect  the  occurrence  of  an  overfill  or  un- 
derfill  condition;  and 
adjusting  the  predetermined  time  in  accordance  with 
the  comparison  so  as  to  increase  the  pre-deter- 
mined  time  if  an  underfill  condition  is  detected  or  to 
decrease  the  predetermined  time  if  an  overfill  condi- 
tion  is  detected,  thereby  to  improve  the  shift  quality 
in  subsequent  shifts  to  the  specified  speed  ratio. 

13.  A  method  according  to  claim  1,  characterised 
in  that  the  sampling  of  the  measured  time  interval  is 
effected  by  sampling  the  measured  time  interval 
when  the  actual  speed  error  value  exceeds  a  first 
relatively  low  reference  error  value,  and  thereaf- 
ter  retaining  the  sampled  interval  as  a  measure  of 
the  time  required  to  effect  an  input  speed  change 
due  to  the  initiation  of  torque  transmission  through 
the  torque-establishing  device  only  if  the  actual 
speed  error  subsequently  exceeds  a  second  rela- 
tively  high  error  value,  whereby  the  sampled  time  in- 
terval  is  retained  only  if  the  occurrence  of  a 
change  in  transmission  input  speed  is  subsequently 
verified,  and  that  the  step  of  comparing  with  a  ref- 
erence  interval  representative  of  the  time  that 
would  normally  be  required  for  the  initiation  of 
torque  transmission  through  the  torque-establish- 
ing  device  is  effected  by  comparing  the  retained 
time  interval  sample  with  a  reference  interval  repre- 
sentative  of  the  time  that  would  normally  be  required 
for  the  initiation  of  torque  transmission  through  the 
torque-establishing  device. 

14.  A  method  according  to  claim  13,  characterised 
in  that  the  method  includes  the  further  steps  of: 
filtering  the  actual  speed  error  values  to  provide  a 
measure  of  the  spurious  noise  present  in  the  trans- 
mission  input  speed-related  information;  and 
adjusting  the  first  and  second  reference  error  val- 
ues  in  relation  to  the  measure  of  spurious  noise, 
thereby  to  to  minimise  the  likelihood  of  erroneous 
adjustment  of  the  predetermined  time  due  to  the 
presence  of  spurious  noise  in  the  sampled  speed- 
related  information. 

Patentanspriiche 

1.  Verfahren  zum  adaptiven  Korrigieren  des  Be- 
triebes  eines  Gangwechselsteuersystems  fur  ein 
automatisches  Kraftfahrzeuggetriebe  mit  Mehr- 
fach-Drehzahlverhaltnissen,  bei  dem  die  Dreh- 
zahlanderungsrate  eines  Getriebeeiementes  mit  ei- 
ner  Referenzrate  zur  Obereinstimmung  gebracht 
wird,  urn  den  Betrieb  eines  Steuersystems  fur  ein 
Getriebe  (10)  mit  einer  fluidbetatigten  Drehmoment- 
Beaufschlagungseinrichtung  (28,  30,  32,  34),  die  ei- 
nem  spezifizierten  Drehzahlverhaltnis  zugeordnet 
ist,  und  einer  Fluiddruckquelle  (60)  zu  korrigieren, 
dadurch  gekennzeichnet,  daB  der  Wechsel  von  ei- 

nem  gerade  anliegenden  Drehzahlverhaltnis  zu  dem 
spezifizierten  Drehzahlverhaltnis  eine  Vorberei- 
tungsphase  einschlieBt,  wahrend  welcher  wahrend 
einer  vorbestimmten  Zeit  Fluid  von  der  Quelle  (60) 

5  zu  der  Drehmoment-Beaufschlagungseinrichtung 
(28,  30,  32,  34)  zum  Fiillen  der  Einrichtung  (28,  30, 
32,  34)  zur  Vorbereitung  der  Drehmomentubertra- 
gung  zugefuhrt  wird,  un  eine  Durchfuhrungsphase, 
wahrend  welcher  der  Drehmoment-Beaufschla- 

10  gungseinrichtung  (28,  30,  32,  34)  weiteres  Fluid  zu- 
gefuhrt  wird,  urn  die  Drehmomentubertragung  da 
hindurch  einzuleiten  und  fortschreitend  zu  erh6- 
hen,  daB  ein  Verfahren  zum  adaptiven  Korrigieren 
der  vorbestimmten  Zeit  fur  Fehlerquellen,  die  die 

15  Wechselqualitat  verschlechtern,  indem  sie  einen 
Oberfullzustand  verursachen,  bei  dem  die  Einlei- 
tung  der  Drehmomentubertragung  durch  die 
Drehmoment-Beaufschlagungseinrichtung  (28,  30, 
32,  34)  vor  dem  Beginn  der  Durchfuhrungsphase 

20  auftritt,  oder  einen  Unterfullzustand,  bei  dem  die 
Einleitung  der  Drehmomentubertragung  durch  die 
Drehmoment-Beaufschlagungseinrichtung  (28,  30, 
32,  34)  nach  dem  Beginn  der  Durchfuhrungsphase 
eintritt,  die  Schritte  umfaBt:  das  Auftreten  einer  An- 

25  derung  der  Getriebeeingangsdrehzahl  infolge  der 
Einleitung  der  Drehmomentubertragung  durch  die 
Drehmoment-Beaufschlagungseinrichtung  (28,  30, 
32,  34)  wird  erfaBt;  eine  aktuelle  Zeitanzeige  wird 
mit  Bezug  auf  das  erfaBte  Auftreten  dieser  Ein- 

30  gangsdrehzahlanderung  und  eine  Referenzzeitan- 
zeige  wird  mit  Bezug  auf  die  Zeit  entwickelt,  zu  der 
eine  Eingangsdrehzahlanderung  bei  Normalbetrieb 
zu  erwarten  ware;  die  aktuelle  Zeitanzeige  wird  mit 
der  Referenzzeitanzeige  verglichen,  urn  das  Auf- 

35  treten  eines  Qber-  oder  Unterfullzustandes  zu  er- 
fassen;  und  die  vorbestimmte  Zeit  wird  entspre- 
chend  dem  Vergleich  nachgestellt,  urn  so  die  vorbe- 
stimmte  Zeit  zu  erhohen,  wenn  ein  Unterfullzustand 
erfaBt  wird,  und  die  vorbestimmte  Zeit  zu  erniedri- 

40  gen,  wenn  ein  Oberfullzustand  erfaBt  wird,  und  da- 
durch  die  Wechselqualitat  bei  nachfolgenden  Wech- 
seln  auf  das  spezifizierte  Drehzahlverhaltnis  zu 
verbessern. 

2.  Verfahren  nach  Anspruch  1,  gekennzeichnet 
45  durch  den  zusatzlichen  Schritt:  die  NachstellgroBe 

der  vorbestimmten  Zeit  wird  entsprechend  einem  er- 
sten  Term  bestimmt,  der  von  der  Differenz  zwi- 
schen  der  aktuellen  und  der  Referenzzeitanzeige 
abhangt,  und  einem  zweiten  Term,  der  vom  Zeitinte- 

50  gral  dieser  Differenz  abhangt. 
3.  Verfahren  nach  Anspruch  2,  dadurch  gekenn- 

zeichnet,  daB  es  den  zusatzlichen  Schritt  enthalt: 
der  zweite  Term  wird  auf  Null  zuruckgestellt,  wenn 
die  Differenz  zwischen  der  aktuellen  und  der  Refe- 

55  renzzeitanzeige  das  Vorzeichen  wechselt  und  wenn 
sie  eine  GroBe  iiber  einem  Referenzbetrag  besitzt. 

4.  Verfahren  nach  einem  der  Anspruche  1  bis  2, 
dadurch  gekennzeichnet,  daB  es  den  zusatzlichen 
Schritt  enthalt:  die  NachstellgroBe  der  vorbestimm- 

60  ten  Zeit  wird  auf  eine  Maximalreferenz  begrenzt, 
die  mit  Bezug  auf  die  Differenz  zwischen  der  aktuel- 
len  und  der  Referenzzeitanzeige  bestimmt  ist. 

5.  Verfahren  nach  einem  der  Anspruche  1  bis  3, 
dadurch  gekennzeichnet,  daB  es  die  zusatzlichen 

65  Schritte  enthalt:  die  Nachstellung  der  vorbestimm- 
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ten  Zeit  wird  im  wesentlichen  bis  zum  Ende  der 
Durchfuhrungsphase  des  Wechsels  verzogert;  ein 
Zustand  einer  abnormalen  Drehmoment-Ubertra- 
gungsrate  durch  die  Drehmoment-Beaufschla- 
gungseinrichtung  (28,  30,  32,  34)  wird  in  der  Durch- 
fuhrungsphase  der  Drehzahlverhaltnis-Verschie- 
bung  erfaBt,  die  das  erfaBte  Auftreten  einer 
Eingangsdrehzahlanderung  andern  konnte,  welche 
zur  Entwicklung  der  aktuellen  Zeitanzeige  benutzt 
wurde;  und  die  Nachstellung  der  vorbestimmten  Zeit 
wird  auf  eine  relativ  kleine  GroBe  begrenzt  in  Ab- 
hangigkeit  von  dieser  Erfassung,  urn  so  eine  we- 
sentliche  Nachstellung  der  vorbestimmten  Zeit  nach 
Wechseln  zu  verhindern,  bei  denen  eine  Abnormali- 
tat  in  deren  Durchfuhrungsphase  zu  einer  fehler- 
haften  Erfassung  eines  Uberfull-  oder  Unterfullzu- 
standes  fuhren  konnte. 

6.  Verfahren  nach  einem  der  Anspruche  1  bis  3, 
dadurch  gekennzeichnet,  daB  es  die  zusatzlichen 
Schritte  enthalt:  das  Auftreten  wesentlicher  Abwei- 
chungen  zwischen  der  aktuellen  und  der  Referenz- 
zeitanzeige  in  mindestens  einer  Richtung  wird  identi- 
fiziert;  und  die  Nachstellung  der  vorbestimmten  Zeit 
in  Abhangigkeit  von  solchem  Auftreten  wird  auf  ei- 
nen  relativ  kleinen  Wert  begrenzt,  bis  derartiges 
Auftreten  in  einer  vorbestimmten  Anzahl  aufeinan- 
derfolgender  Verschiebungen  identifiziert  wurde, 
welche  die  Drehmoment-Beaufschlagungseinrich- 
tung  (28,  30,  32,  34)  betreffen. 

7.  Verfahren  nach  einem  der  Anspruche  1  bis  6, 
dadurch  gekennzeichnet,  daB  es  die  zusatzlichen 
Schritte  enthalt:  es  werden  Fahrzeugbetriebszu- 
stande  identifiziert,  bei  denen  das  Auftreten  eines 
Uberrfullungszustandes  nicht  zuverlassig  erfaBt 
werden  kann;  und  in  Abhangigkeit  von  der  Identifi- 
zierung  solcher  Betriebszustande  werden  Nach- 
stellungen  zugelassen,  welche  die  vorbestimmte 
Zeit  erhohen,  falls  eine  relativ  groBe  Unterfullung 
erfaBt  wird,  und  sonst  wird  die  vorbestimmte  Zeit  urn 
eine  relativ  kleine  Referenzmenge  verringert,  wo- 
durch,  falls  die  Verringerung  die  Wechselqualitat 
verschlechtert,  ein  Unterfullzustand  in  nachfolgen- 
den  Wechseln  betreffend  die  Drehmoment-Beauf- 
schlagungseinrichtung  (28,  30,  32,  34)  erfaBt  wer- 
den  und  diese  Verringerung  der  vorbestimmten  Zeit 
umgekehrt  wird. 

8.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  die  Druckfluidquelle  (60)  zur  Entwick- 
lung  von  Fluiddruck  entsprechend  einem  Leitungs- 
druckbefehl  gesteuert  wird,  daB  die  vorbestimmte 
Zeit  ein  Fullintervall  bildet,  das  Verfahren  des 
adaptiven  Korrigierens  der  vorbestimmten  Zeit  ein 
Verfahren  zum  Kompensieren  von  Fehlerquellen  bil- 
det,  daB  vor  dem  Erfassen  des  Auftretens  einer 
Anderung  der  Getriebeeingangsdrehzahl  das  Ver- 
fahren  den  Schritt  enthalt,  daB  das  Fullintervall  als 
eine  gespeicherte  Funktion  des  Leitungsdruckbe- 
fehles  bestimmt  wird  und  das  Nachstellen  der  vor- 
bestimmten  Zeit  entsprechend  dem  Zeitanzeigever- 
gleich  durch  Nachstellen  der  gespeicherten  Funkti- 
on  ausgfiihrt  wird,  so  daB  dann,  wenn  ein 
Unterfullzustand  erfaBt  wird,  das  in  aufeinanderfol- 
genden  Wechseln  zu  dem  spezifizierten  Drehzahl- 
verhaltnis  bestimmte  Fullintervall  langer  sein  wird, 
als  es  sonst  der  Fall  ware,  wahrend  dann,  wenn  ein 

Oberfullzustand  erfaBt  wird,  das  in  aufeinanderfol- 
genden  Wechseln  auf  das  spezifizierte  Drehzahl- 
verhaltnis  bestimmte  Fullintervall  kurzer  sein  wird, 
als  es  sonst  der  Fall  ware. 

5  9.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  das  Verfahren  wirksam  ist,  die 
Drehmoment-Beaufschlagungseinrichtung  (28,  30, 
32,  34)  zu  veranlassen,  am  Ende  der  Vorberei- 
tungsphase  uberfulit  oder  unterfullt  zu  sein,  und 

10  daB  die  Verfahrensschritte  vor  der  Entwicklung  ei- 
ner  aktuellen  Zeitanzeige  die  Schritte  umfassen: 
auf  die  Getriebeeingangsdrehzahl  bezogene  Infor- 
mation  wird  wahrend  des  Verlaufes  der  Getriebe- 
verhaltnis-Anderung  abgetastet;  ein  zukunftiger 

15  Getriebeeingangsdrehzahlwert  wird  aufgrund  einer 
Extrapolation  vorher  abgetasteter,  auf  Getriebeein- 
gangsdrehzahl  bezogener  Information  vorausge- 
sagt;  und  eine  Erfassung  einer  Getriebeeingangs- 
drehzahlanderung  infolge  der  Einleitung  einer 

20  Drehmomentubertragung  durch  die  Drehmoment- 
Beaufschlagungseinrichtung  (28,  30,  32,  34)  wird 
angezeigt,  wenn  die  gegenwartige  Getriebeein- 
gangsdrehzahl  von  der  vorausgesagten  Getriebe- 
eingangsdrehzahl  mindestens  urn  eine  Referenzgro- 

25  Be  abweicht. 
10.  Verfahren  nach  Anspruch  9,  dadurch  ge- 

kennzeichnet,  daB  es  die  weiteren  Schritte  enthalt: 
ein  Zeitfenster  wird  in  bezug  auf  das  Ende  der  vor- 
bestimmten  Zeit  so  definiert,  daB  bei  den  schlech- 

30  test  annehmbaren  Unterfull-  und  Oberfullzustan- 
den  die  Anderung  der  Getriebeeingangsdrehzahl  in- 
folge  Einleitung  von  Drehmomentubertragung  durch 
die  Drehmoment-Beaufschlagungseinrichtung  (28, 
30,  32,  34)  innerhalb  des  Fensters  auftreten  wird; 

35  und  die  Erfassung  von  Oberfiill-  und  Unterfullzu- 
standen  wird  nur  im  Fenster  ermoglicht,  urn  dadurch 
die  Wahrscheinlichkeit  irriger  Nachstellung  der 
vorbestimmten  Zeit  infolge  der  Anwesenheit  von 
Fehlrauschen  in  der  abgetasteten  drehzahlbezoge- 

40  nen  Information  zu  minimalisieren. 
11.  Verfahren  nach  Anspruch  9,  dadurch  gekenn- 

zeichnet,  daB  es  die  weiteren  Schritte  enthalt:  die 
aktuellen  Drehzahlfehlerwerte  werden  ausgefiltert, 
urn  ein  MaB  fur  das  in  der  auf  die  Getriebeeingangs- 

45  drehzahl  bezogenen  Information  vorhandene  Fehl- 
rauschen  zu  schaffen;  und  der  Referenzfehlerwert 
wird  mit  Bezug  auf  das  MaB  von  Fehlrauschen 
nachgestellt,  urn  dadurch  die  Wahrscheinlichkeit  ir- 
riger  Nachstellung  der  vorbestimmten  Zeit  infolge 

50  der  Anwesenheit  von  Fehlrauschen  in  der  abgeta- 
steten  auf  Getriebseingangsdrehzahl  bezogenen 
Information  zu  minimalisieren. 

12.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  das  Verfahren  wirksam  ist,  eine 

55  Oberfullung  oder  Unterfullung  der  Drehmoment-Be- 
aufschlagungseinrichtung  (28,  30,  32,  34)  am  Ende 
der  Vorbereitungsphase  zu  bewirken,  und  daB  die 
Verfahrensschritte  vor  der  Entwicklung  einer  aktu- 
ellen  Zeitanzeige  umfassen: 

60  die  Messung  eines  Zeitintervalls  wird  bei  Beginn 
der  Vorbereitungsphase  der  Verschiebung  einge- 
leitet,  ein  zukiinftiger  Getriebeeingangsdrehzahl- 
wert  wird  vorausgesagt  auf  Grundlage  einer  Extra- 
polation  von  gegenwartig  und  vorher  abgetasteter 

65  Information  bezugiich  der  Getriebeeingangsdreh- 
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zahl;  ein  aktueller  Drehzahlfehlerwert  wird  in  bezug 
auf  den  Unterschied  zwischen  der  gegenwartigen 
Getriebeeingangsdrehzahl  und  der  vorausgesag- 
ten  Getriebeeingangsdrehzahl  entwickelt;  das  ge- 
messene  Zeitintervall  wird  abgetastet,  wenn  der  tat- 
sachliche  Drehzahlfehlerwert  einen  Referenzfeh- 
lerwert  ubersteigt,  um  ein  MaB  der  Zeit  zu  erhaiten, 
die  zur  Bewirkung  einer  Eingangsdrehzahlanderung 
infolge  der  Einleitung  der  Drehmomentubertragung 
durch  die  Drehmoment-Beaufschlagungseinrich- 
tung  (28,  30,  32,  34)  erforderlich  ist;  das  abgetaste- 
te  Zeitintervall  wird  mit  einem  Referenzintervall 
verglichen,  das  fur  die  Zeit  reprasentativ  ist,  die 
normalerweise  fur  die  Einleitung  der  Drehmoment- 
ubertragung  durch  die  Drehmoment-Beaufschla- 
gungseinrichtung  erforderlich  ware,  um  eine  Ande- 
rung  der  Getriebeeingangsdrehzahl  zu  bewirken 
und  dadurch  das  Auftreten  eines  Oberfull-  oder 
Unterfullzustandes  zu  erfassen;  und  die  vorbe- 
stimmte  Zeit  wird  entsprechend  dem  Vergleichser- 
gebnis  nachgestellt,  um  so  die  vorbestimmte  Zeit  zu 
erhohen,  falls  ein  Unterfullzustand  erfaBt  wird, 
oder  die  vorbestimmte  Zeit  zu  vermindern,  falls  ein 
Oberfullzustand  erfaBt  wird,  um  dadurch  die  Ver- 
schiebungsqualitat  bei  nachfolgenden  Verschiebun- 
gen  auf  das  spezifizierte  Drehzahlverhaltnis  zu 
verbessern. 

13.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  das  Abtasten  des  gemessenen  Zeitin- 
tervalls  bewirkt  wird  durch  Abtasten  des  gemesse- 
nen  Zeitintervalls,  wenn  der  aktuelle  Drehzahlfeh- 
lerwert  einen  ersten,  relativ  niedrigen 
Referenzfehlerwert  ubersteigt,  und  daB  danach 
das  abgetastete  Intervall  als  ein  MaB  fur  die  zur 
Bewirkung  einer  Eingangsdrehzahlanderung  infolge 
der  Einleitung  von  Drehmomentubertragung  durch 
die  Drehmoment-Beaufschlagungseinrichtung  nur 
dann  zuruckgehalten  wird,  wenn  der  aktuelle  Dreh- 
zahlfehler  danach  einen  zweiten  relativ  hohen  Feh- 
lerwert  ubersteigt,  wodurch  das  abgetastete  Zeitin- 
tervall  nur  dann  gehalten  wird,  wenn  das  Auftreten 
einer  Anderung  der  Getriebeeingangsdrehzahl  da- 
nach  verifiziert  wird,  und  daB  das  Vergleichen  mit 
einem  fur  die  Zeit,  die  normalerweise  fur  die  Einlei- 
tung  von  Drehmomentubertragung  durch  die 
Drehmoment-Beaufschlagungseinrichtung  erfor- 
derlich  ware,  reprasentativen  Referenzintervall 
durch  Vergleichen  der  gehaltenen  Zeitintervallabta- 
stung  mit  einem  fur  die  Zeit,  die  normalerweise  fur 
die  Einleitung  einer  Drehmomentubertragung  durch 
die  Drehmoment-Beaufschlagungseinrichtung  er- 
forderlich  ware,  reprasentativen  Referenzintervall 
bewirkt  wird. 

14.  Verfahren  nach  Anspruch  13,  dadurch  ge- 
kennzeichnet,  daB  es  die  weiteren  Schritte  enthalt: 
die  aktuellen  Drehzahlfehlerwerte  werden  gefiltert, 
um  ein  MaB  fur  das  in  der  auf  Getriebeeingangs- 
drehzahl  bezogenen  Information  vorhandene  Fehl- 
rauschen  zu  schaffen;  und  der  erste  und  der  zwei- 
te  Referenzfehlerwert  werden  mit  Bezug  auf  das 
MaB  von  Fehlrauschen  nachgestellt,  um  dadurch 
die  Wahrscheinlichkeit  irrigen  Nachstellens  der 
vorbestimmten  Zeit  infolge  des  Vorhandenseins 
von  Fehlrauschen  in  der  abgetasteten  drehzahlbe- 
zogenen  Information  zu  minimalisieren. 

Revendications 

1.  Procedi  pour  realiser  la  correction  adaptative 
du  fonctionnement  d'un  systeme  de  command  de 

5  changement  de  vitesse  pour  une  transmission  auto- 
matique  a  plusieurs  rapports  pour  un  vehicule  a  mo- 
teur,  dans  lequel  le  taux  de  variation  de  la  vitesse 
d'un  element  de  transmission  est  regie  de  maniere  a 
etre  conforme  a  un  taux  de  reference,  pour  la  cor- 

10  rection  du  fonctionnement  d'un  systeme  de  comman- 
de  pour  une  transmission  (10)  comportant  un  disposi- 
tif  (28,  30,  32,  34)  d'etablissement  du  couple,  mu  par 
un  fluide  et  associe  a  un  rapport  de  transmission 
specifie,  et  une  source  (60)  de  pression  d'un  fluide, 

15  caracterise  en  ce  que  le  passage  d'un  rapport  de 
transmission  actuellement  enclenche  au  rapport  de 
transmission  specifie  inclut  une  phase  preparatoi- 
re,  pendant  laquelle  le  fluide  est  envoye  depuis  la 
source  (60)  au  dispositif  (28,  30,  32,  34)  d'etablisse- 

20  ment  du  couple,  pendant  un  intervalle  de  temps  pre- 
determine,  pour  remplir  le  dispositif  (28,  30,  32,  34) 
en  vue  de  la  transmission  du  couple,  et  une  phase 
d'achevement,  pendant  laquelle  une  quantite  supple- 
mentaire  de  fluide  est  envoyee  au  dispositif  (28,  30, 

25  32,  34)  detablissement  du  couple  pour  declencher 
et  accroTtre  progressivement  la  transmision  du  cou- 
ple  par  ce  dispositif,  et  qu'il  est  prevu  un  procede 
de  correction  adaptative  de  I'intervalle  de  temps 
predetermine,  pour  eliminer  des  sources  d'erreur 

30  qui  reduisent  la  qualite  du  changement  de  vitesse  en 
provoquant  I'apparition  d'un  etat  de  trop-plein  dans 
lequel  le  declenchement  de  la  transmission  du  cou- 
ple  par  le  dispositif  (28,  30,  32,  34)  d'etablissement 
du  couple  intervient  avant  le  debut  de  la  phase 

35  d'achevement,  ou  d'un  etat  de  rempiissage  incom- 
plet  dans  lequel  le  declenchement  de  la  transmission 
du  couple  par  le  dispositif  (28,  30,  32,  34)  d'etablis- 
sement  du  couple  intervient  apres  le  debut  de  la 
phase  d'achevement,  ce  procede  incluant  les  eta- 

40  pes  consistant  a: 
detecter  I'apparition  d'une  modification  de  la  vitesse 
d'entree  de  la  transmission,  due  au  declenchement 
de  la  transmission  du  couple  par  le  dispositif  (28, 
30,  32,  34)  d'etablissement  du  couple;  developper 

45  une  indication  de  temps  reel  en  rapport  avec  I'appa- 
rition  detectee  d'une  telle  variation  de  la  vitesse 
d'entree  et  une  indication  de  temps  de  reference  en 
rapport  avec  I'instant  auquel  on  s'attendrait  a  ce 
qu'un  changement  de  la  vitesse  d'entree  se  produi- 

50  se  pendant  un  fonctionnement  normal; 
comparer  I'indication  de  temps  reel  a  I'indication  de 
temps  de  reference  de  maniere  a  detecter  I'appari- 
tion  des  conditions  de  trop-plein  ou  de  rempiissage 
incomplet;  et  regler  I'intervalle  de  temps  predetermi- 

55  ne  en  fonction  de  la  comparaison  de  maniere  a  ac- 
croTtre  cet  intervalle  de  temps  predetermine  lors  de 
la  detection  d'un  etat  de  rempiissage  incomplet,  et  a 
reduire  Pintervalie  de  temps  predetermine  lors  de  la 
detection  d'un  etat  de  trop-plein,  afin  d'ameliorer  la 

60  qualite  de  Poperation  de  changement  de  vitesse  lors 
de  passages  ulterieurs  au  rapport  de  transmission 
specifie. 

2.  Procede  selon  la  revendication  1,  caracterise 
en  ce  qu'il  inclut  Petape  additionnelle  consistant  a: 

65  determiner  la  valeur  de  reglage  de  I'intervalle  de 

19 



37 EP  0  231  593  B1 38 

temps  predetermine  en  fonction  d'un  premier  terme 
dependant  de  la  difference  entre  I'indication  de 
temps  reel  et  I'indication  de  temps  de  reference,  et 
d'un  second  terme  dependant  de  I'integrale  d'une  tel- 
le  difference  par  rapport  au  temps. 

3.  Procede  selon  la  revendication  2,  caracterise 
en  ce  qu'il  inclut  I'etape  additionnelle  consistant  a: 
ramener  a  zero  le  second  terme  lorsque  la  differen- 
ce  entre  I'indication  de  temps  reel  et  I'indication  de 
temps  de  reference  change  de  signe  et  possede 
une  amplitude  depassant  une  valeur  de  reference. 

4.  Procede  selon  I'une  quelconque  des  revindi- 
cations  1  a  3,  caracterise  en  ce  qu'il  inclut  I'etape  ad- 
ditionnelle  consistant  a:  limiter  la  valeur  de  reglage 
de  I'intervalle  de  temps  predetermine  a  une  valeur 
de  reference  maximale  determine  en  rapport  avec  la 
difference  entre  I'indication  de  temps  reel  et  I'indica- 
tion  de  temps  de  reference. 

5.  Procede  seion  I'une  quelconque  des  revendi- 
cations  1  a  3,  caracterise  en  ce  qu'il  inclut  les  eta- 
pes  additionnelles  consistant  a:  retarder  le  reglage 
de  I'intervalle  de  temps  predetermine  essentielle- 
ment  jusqu'a  la  fin  de  la  phase  d'achevement  du 
changement  de  vitesse;  detecter  un  etat  correspon- 
dent  a  un  taux  anormai  de  transmission  du  couple 
par  le  dispositif  (28,  30,  32,  34)  d'etablissement  du 
couple  lors  de  la  phase  d'achevement  du  change- 
ment  du  rapport  de  transmission,  qui  pourrait  affec- 
ter  I'apparition  detectee  d'un  changement  de  la  vi- 
tesse  d'entree,  utilisee  pour  I'obtention  de  I'indica- 
tion  de  temps  reel;  et  limiter  le  reglage  de  I'intervalle 
de  temps  predetermine  a  une  valeur  relativement 
faible  en  reponse  a  une  telle  detection  afin  d'empe- 
cher  un  reglage  important  de  I'intervalle  de  temps 
predetermine  a  la  suite  de  changements  de  vitesse 
lors  desquels  une  anomalie  dans  la  phase  d'acheve- 
ment  de  ces  changements  de  vitesse  pourrait  en- 
traTner  une  detection  erronee  d'un  etat  de  trop-plein 
ou  de  rempiissage  incomplet. 

6.  Procede  selon  I'une  quelconque  des  revendi- 
catins  1  a  3,  caracterise  en  ce  qu'il  inclut  les  etapes 
additionnelles  consistant  a:  identifier  les  appari- 
tions  d'un  ecart  important  entre  I'indication  de  temps 
reel  et  I'indication  de  temps  de  reference,  dans  au 
moins  une  direction;  et  limiter  le  reglage  de  I'interval- 
le  de  temps  predetermine  en  reponse  a  de  telles  ap- 
paritions,  a  une  valeur  relativement  faible,  jusqu'a 
ce  que  de  telles  apparitions  aient  ete  identifies  au 
cours  d'un  nombre  predetermine  de  changements  de 
vitesse  successifs  mettant  en  ceuvre  le  dispositif 
(28,  30,  32,  34)  d'etablissement  du  couple. 

7.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  6,  caraterise  en  ce  qu'il  inclut  les  etapes 
additionnelles  consistant  a:  identifier  les  conditions 
de  fonctionnement  du  vehicule,  pour  lesquelles  I'ap- 
parition  d'un  etat  de  trop-plein  ne  peut  pas  etre  de- 
tectee  de  fagon  fiable;  et  en  reponse  a  ('identifica- 
tion  de  telles  conditions  de  fonctionnement,  autori- 
ser  des  reglages,  qui  allongent  I'intervalle  de  temps 
predetermine  dans  le  cas  ou  un  sous-remplissage 
relativement  important  est  detecte,  et,  sinon,  redui- 
sent  I'intervalle  de  temps  predetermine,  d'une  va- 
leur  de  reference  relativement  faible,  ce  qui  a  pour 
effet  que,  si  cette  reduction  altere  la  qualite  du 
changement  de  vitesse,  un  etat  de  rempiissage  in- 

complet  est  detecte  lors  de  changements  de  vitesse 
ulterieurs  mettant  en  ceuvre  le  dispositif  (28,  30,  32, 
34)  d'etablissement  du  couple,  et  une  telle  reduction 
de  I'intervalle  de  temps  predetermine  est  inversee. 

5  8.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  la  source  (60)  de  la  pression  du  fluide  est 
commandee  de  maniere  a  appliquer  une  pression  de 
fluide  conformement  a  une  commande  de  pression 
en  ligne,  I'intervalle  de  temps  predetermine  est  un  in- 

10  tervalle  de  rempiissage,  le  procede  de  correction 
adaptive  de  I'intervalle  de  temps  predetermine  est 
un  procede  de  compensation  de  sources  d'erreur, 
avant  I'etape  de  detection  de  I'apparition  d'une  va- 
riation  de  la  vitesse  d'entree  de  la  transmission,  le 

15  procede  inclut  I'etape  consistant  a  determiner  I'in- 
tervalle  de  rempiissage  sous  la  forme  d'une  fonc- 
tion  memorisee  de  la  commande  de  la  pression  en  li- 
gne,  et  I'etape  de  reglage  de  I'intervalle  de  temps 
predetermine  conformement  a  la  comparaison  des 

20  indications  de  temps  est  realisee  au  moyen  du  regla- 
ge  de  la  fonction  memorisee  de  maniere  que,  lors  de 
la  detection  d'un  etat  de  rempiissage  insuffisant, 
I'intervalle  de  temps  de  rempiissage  determine  lors 
de  passages  ulterieurs  au  rapport  de  transmission 

25  specifie  est  plus  long  que  ce  ne  serait  le  cas  autre- 
ment,  tandis  que,  si  un  etat  de  trop-plein  est  detec- 
te,  I'intervalle  de  rempiissage  determine  lors  de  pas- 
sages  ulterieurs  au  rapport  de  transmission  speci- 
fie  est  inferieur  a  ce  que  Ton  obtiendrait  autrement. 

30  9.  Procede  selon  la  revendication  1,  caracterise 
en  ce  qu'il  est  efficace  pour  amener  le  dispositif 
(28,  30,  32,  34)  d'etablissement  du  couple  a  passer 
a  un  etat  de  trop-plein  ou  a  un  etat  de  rempiissage 
incomplet  a  la  fin  de  la  phase  preparatoire,  et  que 

35  les  etapes  de  mise  en  ceuvre  de  ce  procede  avant 
I'obtention  d'une  indication  de  temps  reel,  inclut  les 
etapes  consistant  a:  echantillonner  une  information 
associee  a  la  vitesse  d'entree  de  la  transmission  au 
cours  du  changement  du  rapport  de  transmission; 

40  predire  une  valeur  future  de  la  vitesse  d'entree  de 
la  transmission,  sur  la  base  d'une  extrapolation 
d'une  information  associe  a  la  vitesse  d'entree  de  la 
transmission,  echantillonnee  anterieurement;  et  indi- 
quer  la  detection  d'un  changement  de  la  vitesse 

45  d'entree  de  la  transmission,  due  au  declenchement 
de  la  transmission  du  couple  par  le  dispositif  (28, 
30,  32,  34)  d'etablissement  du  couple  par  le  disposi- 
tif  (28,  30,  32,  34)  d'etablissement  du  couple,  lors- 
que  la  vitesse  actuelle  d'entree  de  la  transmission 

50  differe,  d'au  moins  une  valeur  de  reference,  de  la 
vitesse  predite  d'entree  de  la  transmission. 

10.  Procede  selon  la  revendication  9,  caracterise 
en  ce  qu'il  inclut  les  etapes  suivantes  consistant  a: 
definir  un  creneau  temporel  en  rapport  avec  la  fin 

55  de  I'intervalle  de  temps  predetermine  ̂ de  maniere 
que,  dans  les  conditions  les  plus  defavorables  de 
rempiissage  incomplet  et  de  trop-plein,  la  variation 
de  la  vitesse  d'entree  de  la  transmission,  due  au  de- 
clenchement  de  la  transmission  du  couple  par  le  dis- 

60  positif  (28,  30,  32,  34)  d'etablissement  du  couple, 
apparaft  a  I'interieur  de  ce  creneau;  et  permettre  la 
detection  de  I'etat  de  trop-plein  et  de  I'etat  de  rem- 
piissage  incomplet  uniquement  a  I'interieur  de  ce 
creneau,  ce  qui  reduit  la  probability  d'un  reglage  er- 

65  ron§  de  I'intervalle  de  temps  predetermine,  du  a  la 
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presence  d'un  bruit  parasite  dans  ('information 
echantillonnee,  associee  a  la  vitesse. 

11.  Procede  selon  la  revendication  9,  caracterise 
en  ce  qu'il  inclut  les  etapes  supplementaires  consis- 
tant  a: 
filtrer  les  valeurs  reelles  d'erreur  sur  la  vitesse  de 
maniere  a  obtenir  une  mesure  du  bruit  parasite  pre- 
sent  dans  I'information  associee  a  la  vitesse  d'en- 
tree  de  la  transmission;  et  regler  la  valeur  d'erreur 
de  reference  en  rapport  avec  la  mesure  du  bruit  pa- 
rasite,  afin  de  reduire  la  probability  d'un  reglage  er- 
rone  de  I'intervalle  de  temps  predetermine,  du  a  la 
presence  du  bruit  parasite  dans  I'information  echan- 
tillonnee  associee  a  la  vitesse  d'entree  de  la  trans- 
mission. 

12.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  le  procede  est  a  meme  d'amener  le  disposi- 
tif  (28,  30,  32,  34)  d'etablissement  du  couple  a  pas- 
ser  a  I'etat  de  trop-plein  ou  de  rempiissage  incom- 
plet  a  la  fin  de  la  phase  preparatoire,  et  que  les  eta- 
pes  du  procede  avant  I'obtention  d'une  indication  de 
temps  reel  incluent: 

le  declenchement  de  la  mesure  d'un  intervalle  de 
temps  au  debut  de  ia  phase  preparatoire  du  change- 
ment  de  vitesse;  la  prediction  d'une  valeur  future 
de  la  vitesse  d'entree  de  la  transmission,  sur  la  ba- 
se  d'une  extrapolation  du  courant  et  de  I'information 
echantillonnee  anterieurement  et  concernant  la  vi- 
tesse  d'entree  de  la  transmission;  I'obtention  d'une 
valeur  reelle  de  I'erreur  de  vitesse  en  rapport  avec 
la  difference  entre  la  vitesse  actuelle  d'entree  de  la 
transmission  et  la  vitesse  predite  d'entree  de  la 
transmission;  I'echantillonage  de  i'intervalle  de 
temps  mesure  lorsque  la  valeur  de  I'erreur  reelle 
sur  la  vitesse  depasse  une  valeur  d'erreur  de  refe- 
rence  de  maniere  a  obtenir  une  mesure  de  I'interval- 
le  de  temps  requis  pour  realiser  une  modification  de 
la  vitesse  d'entree  sous  I'effet  du  declenchement 
de  la  transmission  du  couple  par  le  dispositif  (28, 
30,  32,  34)  d'etablissement  du  couple;  la  comparai- 
son  de  I'intervalle  de  temps  echantillonne  avec  un 
intervalle  de  reference  representatif  de  la  duree 
qui  serait  normalement  necessaire  pour  le  declen- 
chement  de  la  transmission  du  couple  par  le  disposi- 
tif  d'etablissement  du  couple  pour  obtenir  une  modi- 
fication  de  la  vitesse  d'entree  de  la  transmission, 
afin  de  detecter,  ainsi,  I'apparition  d'un  etat  de  trop- 
plein  ou  de  rempiissage  incomplet;  et  le  reglage  de 
I'intervalle  de  temps  predetermine  en  fonction  de  la 
comparaison  afin  d'allonger  I'intervalle  de  temps 
predetermine  dans  le  cas  de  la  detection  d'un  etat 
de  rempiissage  incomplet,  ou  de  reduire  I'intervalle 
de  temps  predetermine  dans  le  cas  de  la  detection 
d'un  etat  de  trop-plein,  afin  d'ameliorer  la  qualite  de 
I'operation  de  changement  de  vitesse  lors  de  passa- 
ges  ulterieurs  au  rapport  de  transmission  specifie. 

13.  Procede  selon  la  revendication  1,  caracterise 
en  ce  que  I'echantillonnage  d'un  intervalle  de  temps 
mesure  est  realise  au  moyen  d'un  echantillonnage 
de  I'intervalle  de  temps  mesure  lorsque  Ia  valeur 
d'erreur  actuelle  sur  la  vitesse  depasse  une  pre- 
miere  valeur  d'erreur  de  reference  relativement  fai- 
ble,  et  conserver  ensuite  I'intervalle  de  temps 
echantillonne  en  tant  que  mesure  de  la  duree  neces- 
saire  pour  obtenir  un  changement  de  la  vitesse  d'en- 

tree  sur  la  base  du  declenchement  de  la  transmis- 
sion  du  couple  par  le  dispositif  d'etablissement  du 
couple,  uniquement  si  I'erreur  reelle  sur  la  vitesse 
depasse  ulterieurement  une  seconde  valeur  d'er- 

5  reur  relativement  eievee,  ce  qui  a  pour  effet  que 
1'intervalle  de  temps  echantillonne  est  conserve  uni- 
quement  si  I'apparition  d'une  variation  de  la  vitesse 
d'entree  de  la  transmission  est  verifiee  ulterieure- 
ment,  et  que  I'etape  de  comparaison  a  un  intervalle 

10  de  temps  de  reference  representatif  de  la  duree  qui 
serait  normalement  necessaire  pour  le  declenche- 
ment  de  la  transmission  du  couple  par  le  dispositif 
d'etablissement  du  couple,  est  executee  au  moyen 
de  la  comparaison  de  I'intervalle  de  temps  echan- 

15  tillonne  et  conserve,  a  un  intervalle  de  temps  de  re- 
ference  representatif  de  la  duree  qui  serait  norma- 
lement  necessaire  pour  le  declenchement  de  la 
transmission  du  couple  par  le  dispositif  d'etablisse- 
ment  du  couple. 

20  14.  Procede  selon  la  revendication  13,  caracteri- 
se  en  ce  que  ce  procede  inclut  les  etapes  supple- 
mentaires  consistant  a:  filtrer  les  valeurs  reelles 
d'erreur  de  la  vitesse  de  maniere  a  obtenir  une  me- 
sure  du  bruit  parasite  present  dans  I'information  as- 

25  sociee  a  la  vitesse  d'entree  de  la  transmission;  et 
regler  la  valeur  d'erreur  de  reference  en  rapport 
avec  la  mesure  du  bruit  parasite,  afin  de  reduire  la 
probabilite  d'un  reglage  errone  de  I'intervalle  de 
temps  predetermine,  du  a  la  presence  du  bruit  para- 

30  site  dans  I'information  echantillonnee  associee  a  la 
vitesse  d'entree  de  la  transmission. 
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