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Description 

Technical  Field 

5  [0001  ]  This  invention  relates  to  vehicle  brake  system  controls. 

Background  of  the  Invention 

[0002]  Typically,  electric  vehicles  drive  electric  motors  based  on  electric  power  stored  in  batteries  having  a  limited 
10  power  storage  capability.  In  an  electric  vehicle,  power  assist  for  brakes  must  by  supplied  by  the  batteries.  The  brake 

power  assist  may  either  assist  a  hydraulic  actuator,  be  used  to  drive  an  electric  brake,  or  both. 
[0003]  US-A-5  234  262  describes  a  system  that  determines  a  motor  current  ramp  rate  lR  for  left  and  right  rear  wheel 
electric  brakes  based  on  the  error  in  the  speed  ratio  relative  to  the  desired  ratio.  The  speed  ratio  discussed  is  the  front 
to  rear  speed  ratio  SR.  When  the  lR  for  the  left  and  right  sides  both  equal  zero,  the  system  assumes  that  the  left  and 

15  right  rear  braking  efforts  are  equal  -  that  is  the  left  and  right  brake  torques  provided  by  the  rear  wheels  are  balanced  - 
and  determines  a  bias  factor,  BR  based  upon  the  difference  between  the  left  and  right  wheel  motor  currents.  The  bias 
factor  is  filtered  and  added  to  the  base  current  command  lBC  of  the  wheel  brakes.  The  next  time  that  lR  equals  zero  for 
both  sides,  BF  is  updated.  Thus  the  closed-loop  adjustment  factor  provided  by  US-A-5  234  262  is  not  continuously 
updated,  but  is  updated  only  when  lR  equals  zero  for  both  sides. 

20 
Summary  of  the  Invention 

[0004]  It  is  an  object  of  this  invention  to  provide  a  brake  system  control  method  according  to  claim  1  . 
[0005]  This  invention  provides  control  of  a  brake  system  suitable  for  use  in  an  electric  vehicle.  This  invention  provides 

25  a  method  of  controlling  a  brake  system  that  controls  gain  of  the  brake  torque  delivered  by  a  braking  wheel  responsive 
to  a  brake  command.  This  invention  provides  a  method  capable  of  reducing  brake  gain  variations  between  right  and  left 
wheels. 
[0006]  Brake  actuator  variation  gains  are  controlled  according  to  this  invention  to  improve  balance  of  braking  torque. 
Wheel  speed  information  is  used  to  adjust  one  side  of  the  brakes,  or  the  other,  to  reduce  variations  between  the  brake 

30  torques  provided  by  the  right  and  left  wheel  brakes. 
[0007]  This  invention  provides  braking  control  that  is  run  only  when  the  vehicle  brake  system  is  not  in  ABS  mode  and 
reduces  brake  torque  differences  during  normal  braking. 
[0008]  This  invention  recognises  that,  according  to  the  braking  characteristics  of  an  automobile  wheel,  braking  torque 
delivered  by  the  wheel  corresponds  to  the  rate  of  deceleration  of  the  wheel  with  a  constant  relationship  from  a  range  of 

35  zero  torque  until  the  maximum  braking  torque  available  by  the  wheel  on  the  road  surface  is  approached.  Above  the 
maximum  braking  torque  available,  an  ABS  system  is  preferably  used  and  the  correlation  between  wheel  deceleration 
rate  and  torque  delivered  no  longer  holds  true. 
[0009]  This  invention  recognises  that  during  normal  braking  (non-ABS),  wheel  speed  tracks  wheel  deceleration  rate 
and,  therefore,  deceleration  rate  can  be  monitored  by  monitoring  wheel  speed.  During  normal  non-braking  driving  con- 

40  ditions,  it  may  be  assumed  that  right  and  left  wheel  speeds  are  equal.  When  the  brake  is  applied  and  the  wheels  slow 
down  (and  the  system  is  not  in  ABS),  wheel  speeds  track  wheel  speed  deceleration  rate.  Thus,  for  situations  in  which 
the  braking  by  the  wheel  is  not  approaching  the  maximum  braking  available  for  the  road  surface,  wheel  speed  can  be 
used  as  an  indication  of  wheel  braking  torque. 
[0010]  When  the  system  is  not  in  ABS,  and  therefore  the  braking  torque  for  the  wheels  is  not  approaching  the  maxi- 

45  mum  value,  right  and  left  brake  variation  gains  are  controlled  based  on  right  and  left  wheel  speed  to  reduce  brake 
torque  variations. 
[001  1  ]  According  to  this  invention  as  set  forth  herein,  the  right  and  left  wheel  speed  signals  provided  by  the  rear  wheel 
speed  sensors  are  continuously  compared  to  control  the  gains  of  the  right  and  left  rear  brake  actuators  to  reduce  torque 
variations  between  the  right  and  left  wheels.  Accordingly,  the  wheel  with  the  slower  rotational  speed  has  its  braking 

so  reduced  until  both  rear  wheels  are  rotating  at  the  same  speed. 
[0012]  Advantageously,  then,  an  example  of  this  invention  for  carrying  out  the  above  advantages  comprises  a  brake 
system  control  method  for  use  in  a  vehicle  brake  system  that  performs  the  steps  of  (i)  receiving  a  brake  command,  (ii) 
applying  right  and  left  brake  torque  commands  to  right  and  left  wheel  brakes,  (iii)  monitoring  right  and  left  wheel  rota- 
tional  speeds  to  provide  right  and  left  wheel  rotational  speed  signals,  characterized  by  the  steps  of,  during  non-ABS 

55  operation:  (iv)  continuously  comparing  the  right  and  left  wheel  speed  signals;  (v)  determining  a  closed  loop  gain  respon- 
sive  to  the  comparison;  and  (vi)  adjusting  at  least  one  of  the  right  and  left  brake  torque  commands  responsive  to  the 
closed  loop  gain  to  reduce  variations  in  braking  torques  delivered  by  the  right  and  left  wheels. 
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Brief  Description  of  the  Drawings 

[001  3]  The  present  invention  will  now  be  described,  by  way  of  example,  with  reference  to  the  accompanying  drawings, 
in  which: 

5 
Figure  1  illustrates  schematically  an  example  vehicle  including  the  brake  system  according  to  this  invention; 
Figures  2,  3,  4,  5a,  5b,  6,  7a,  7b,  8  and  9  comprise  flow  diagrams  for  an  example  brake  control  flow  routine  accord- 
ing  to  this  invention; 
Figure  10  graphs  example  command  to  current  relations  for  the  rear  brake  actuator; 

10  Figures  11,  12,  13,  14,  15,  16a,  16b,  17,  18a  and  1  8b  comprise  additional  flow  diagrams  for  the  example  brake  con- 
trol  flow  routine  according  to  this  invention. 

Description  of  an  Embodiment  of  the  Invention 

15  [0014]  Referring  to  Figure  1  ,  an  example  vehicle  for  implementing  the  brake  system  of  this  invention  comprises  elec- 
tric  motor  propulsion  system  1  1  ,  brake  system  15  and  control  unit  13.  The  electric  motor  propulsion  system  1  1  includes 
battery  pack  10,  inverter  12  (for  use  with  AC  motors),  accelerator  pedal  20  and  electric  motor  18.  Brake  system  15 
includes  brake  pedal  70,  hydraulic  braking  system  17  and  electric  drum  brakes  48  and  50.  Control  unit  13  includes 
motor  controller  22  for  controlling  the  propulsion  system  1  1  and  brake  controller  66  for  controlling  brake  system  15. 

20  [0015]  In  the  propulsion  system  1  1  ,  battery  pack  10  supplies  power  to  the  vehicle  systems  and  power  invertor  12 
responds  to  motor  controller  22  for  controlling  electric  motor  18.  Motor  18  provides  both  drive  force  to  vehicle  drive 
wheels  24  and  26  and  regenerative  braking  by  generating  power,  when  commanded,  and  coupling  the  generated  power 
to  battery  pack  10,  providing  braking  torque  to  wheels  24  and  26.  An  example  motor  drive  and  recharge  system,  suita- 
ble  for  use  as  inverter  12  and  motor  18  (assuming  a  three  phase  AC  motor  18  is  used),  is  set  forth  in  United  States  Pat- 

25  ent  No.  5,099,186. 
[0016]  Accelerator  pedal  20  provides  an  accelerator  command  to  motor  controller  22,  which  responsively  controls 
invertor  1  2  via  command  line  1  6  to  provide  power  to  motor  1  8  and  thereby  provide  motive  drive  force  to  drive  wheels  24 
and  26. 
[0017]  In  brake  system  15,  hydraulic  brake  system  17  comprises  master  cylinder  78,  hydraulic  lines  40,  42,  86,  87, 

30  94  and  96,  accumulator  92,  actuators  114  and  1  16,  solenoid  valves  102  and  104,  brake  callipers  36  and  38  and  disc 
brakes  32  and  34.  Brake  controller  66  responds  to  operator  depression  of  brake  pedal  70,  providing  brake  information 
to  motor  controller  22  and  controlling  the  hydraulic  brake  system,  including  solenoid  valves  102  and  104,  actuators  114 
and  116,  and  electric  rear  brakes  48  and  50.  Bypass  valves  98  and  100  allow  excess  pressure  from  actuators  1  14  and 
1  1  6  to  flow  to  accumulator  92.  Brake  controller  66  also  monitors  the  various  rotational  speeds  of  vehicle  wheels  24,  26, 

35  44  and  46  through  speed  sensors  28,  30,  52  and  54. 
[001  8]  The  battery  pack  1  0  can  be  any  battery  pack  or  rechargeable  electric  power  storage  device  suitable  for  use  in 
an  electric  vehicle.  Power  invertor  12  is  used  when  motor  18  is  one  or  more  AC  motors.  If  one  or  more  DC  drive  motors 
are  used,  power  invertor  12  is  not  necessary  and  may  be  replaced  with  an  appropriate  DC  motor  controller  of  a  type 
well  known  to  those  skilled  in  the  art. 

40  [001  9]  The  motor  drive  unit  1  8  may  be  a  single  drive  motor  driving  both  wheels  24  and  26,  may  be  two  motors  con- 
nected  back-to-back  driving  wheels  24  and  26,  or  may  be  a  two  or  more  motors  with  each  motor  incorporated  into  each 
wheel  assembly.  Additionally,  the  motors  may  be  AC  motors  or  DC  motors,  including  one  or  more  brushless  DC  motors. 
[0020]  The  motor  controller  22  may  be  any  microcomputer  based  controller  suitable  for  providing  control  commands 
to  the  type  of  motor  used.  Accelerator  pedal  20  responds  to  operator  foot  commands  in  a  conventional  manner,  provid- 

es  ing  output  signals  through  an  actuator  for  converting  pedal  position  to  an  electric  signal.  Preferably,  the  actuator  com- 
prises  redundant  potentiometers  that  provide  two  or  more  pedal  position  signals  to  motor  controller  22.  This  type  of 
accelerator  pedal  may  be  easily  implemented  by  those  skilled  in  the  art. 
[0021]  Brake  controller  66  may  be  any  microprocessor  based  controller  suitable  for  providing  output  commands  to 
actuators  1  14  and  116,  rear  brakes  48  and  50  and  valves  102  and  104  and  for  receiving  input  signals  from  the  parking 

so  brake  switch  68,  brake  pedal  switch  72  and  pressure  transducers  88,  90,  106  and  108. 
[0022]  The  brake  pedal  70  may  be  a  conventional  brake  pedal  and  switch  72  may  be  a  conventional  brake  pedal 
switch  of  a  known  type  commonly  used  to  turn  on  rear  brake  lights  (not  shown).  The  master  cylinder  78  is  a  conventional 
master  cylinder  with  a  reservoir  80.  The  accumulator  92  has  expansion  chambers  on  either  side  allowing  accumulation 
of  hydraulic  fluid  by  compression  of  centre  spring  91  .  Pressure  transducers  88  and  90  may  be  any  suitable  type  of  trans- 

55  ducers  for  providing  signals  indicative  of  the  pressure  in  brake  lines  86  and  87.  Valves  102  and  104  are  solenoid  valves 
normally  opened  and  being  controllable  to  isolate  hydraulic  lines  94  and  96  from  lines  40  and  42,  respectively,  when  a 
command  is  received  through  command  line  120. 
[0023]  Actuators  114  and  1  16  may  be  existing  anti-lock  brake  actuators  with  the  requirement  that  the  actuators  be 
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capable  to  independently  provide  pressure  in  hydraulic  lines  40  and  42  responsive  to  commands  on  lines  118.  Actua- 
tors  1  14  and  1  16  are  of  the  type  set  forth  in  United  States  Patents  Nos.  4,850,650  and  Re.  33,663. 
[0024]  Brake  callipers  36  and  38  are  conventional  hydraulic  disc  brake  callipers  for  use  with  conventional  brake  discs 
32  and  34.  An  example  of  the  front  brake  system  is  set  forth  in  United  States  Patent  Application,  Serial  No.  07/942,015, 

5  filed  September  8,  1  992  (US-A-5246283). 
[0025]  Electric  brakes  48  and  50  for  rear  wheels  44  and  46  may  be  any  suitable  electric  brake.  Example  electric  drum 
brakes  are  set  forth  in  United  States  Patents  Nos.  5,000,297  and  5,024,299.  Examples  electric  drum  brakes  are  also 
set  forth  in  United  States  Patent  Applications,  Serial  No.  07/963,  1  79,  filed  October  1  9,  1  992,  and  Serial  No.  07/720,087, 
filed  January  24,  1991  (US-A-531  0026  and  US-A-5219049). 

10  [0026]  Speed  sensors  28,  30,  52  and  54  are  well  known  to  those  skilled  in  the  art  and  may  be  of  the  type  commonly 
used  in  anti-lock  brake  systems. 
[0027]  In  the  vehicle  shown,  the  propulsion  system  may  be  controlled  in  any  known  or  useful  manner  suitable  for  the 
vehicle  shown,  including  control  to  provide  regenerative  braking  and  blending  of  the  regenerative  braking  with  friction 
braking  by  the  brake  system  in  a  known  manner.  Additionally,  a  non-compete  function  may  be  implemented  where  the 

15  accelerator  pedal  input  and  brake  pedal  inputs  are  summed  in  a  known  manner  and  do  not  compete  for  torque  control 
of  the  same  wheel. 
[0028]  According  to  this  invention,  the  brake  system  shown  runs  a  diagnostic  test  either  with  every  vehicle  start-up  or 
at  predetermined  intervals  to  determine  the  functionality  of  the  hydraulic  brake  actuators  1  1  4  and  1  1  6  or  the  remainder 
of  the  front  hydraulic  brake  system.  In  the  event  that  the  front  brake  system  is  determined  not  to  be  completely  opera- 

20  tional,  the  actuators  114  and  1  16  are  shut  down  and  valves  102  and  104  are  set  in  the  open  position.  In  this  state,  the 
front  brake  system  acts  as  a  manual  braking  system. 
[0029]  When  the  actuators  1  1  4  and  1  1  6  are  operational,  they  provide  a  boost  to  the  front  brake  system,  for  example, 
on  the  order  of  5  to  1  .  When  the  actuators  1  1  4  and  1  1  6  are  not  operational,  they  do  not  provide  a  boost  to  the  front  brake 
system.  To  properly  balance  the  entire  vehicle  brake  system,  according  to  this  invention,  the  remainder  of  the  vehicle 

25  braking  devices,  such  as  the  rear  electric  drum  brakes  and  regenerative  braking  from  the  electric  motor,  if  provided,  are 
scheduled  from  the  front  brake  system.  According  to  this  invention,  the  scheduling  of  the  gains  of  the  vehicle  brake  sys- 
tems  depends  upon  the  operational  status  of  the  front  brake  actuators  to  achieve,  through  gain  shifting,  appropriate  bal- 
ancing  of  the  vehicle  brake  systems  with  respect  to  each  other. 
[0030]  Referring  now  to  Figure  2,  a  general  flow  of  the  brake  controller  flow  routine  according  to  this  invention  is  illus- 

30  trated  starting  at  block  210  and  moving  to  block  212,  where  an  ABS  control  algorithm  (optional)  is  run.  In  general,  the 
ABS  control  algorithm  is  a  typical  anti-lock  brake  system  control  algorithm  of  a  type  well  known  to  those  skilled  in  the 
art  that:  (a)  determines  whether  or  not  the  vehicle  is  in  anti-lock  braking  mode  (setting  a  flag  in  response  to  this  deter- 
mination)  and  (b)  if  so,  determines  the  anti-lock  braking  torque  command  for  each  wheel. 
[0031  ]  The  routine  then  moves  to  block  21  4  where  a  subroutine  is  run  to  calculate  desired  brake  pressure  responsive 

35  to  operator  depression  of  the  brake  pedal  and  also  an  adaptive  offset  routine  to  continuously  determine  the  offset  for 
master  cylinder  hydraulic  line  pressure  sensors  (i.e.,  sensors  88,  90,  Figure  1)  when  braking  is  not  applied.  The  routine 
then  moves  to  block  21  6  where  a  subroutine  determines  the  amount  of  regeneration  to  be  requested  of  the  front  motor 
controller  and  the  front  and  rear  brake  torque  commands.  After  block  21  6,  the  routine  moves  to  block  21  8  where  a  sub- 
routine  adaptively  determines  the  offsets  for  the  hydraulic  brake  line  pressure  sensors  (i.e.,  for  sensors  1  06,  1  08,  Figure 

40  1). 
[0032]  After  block  21  8,  the  routine  moves  to  block  220,  where  a  subroutine  runs  the  front  wheel  brake  actuator  control 
routines.  At  block  222,  a  rear  wheel  brake  control  is  implemented.  At  block  223,  the  front  and  rear  actuator  commands 
are  output  to  control  the  front  and  rear  brake  actuators.  The  controller  then  exits  the  main  flow  routine  at  block  224. 
[0033]  Referring  now  to  Figure  3,  the  subroutine  for  calculating  the  desired  pressure  and  the  adaptive  offsets  for  the 

45  master  cylinder  pressure  sensors  begins  at  block  229.  At  block  230,  the  routine  determines  if  braking  is  requested  in 
response  to  either:  (a)  a  sensed  depression  of  the  brake  pedal  via  the  brake  switch  or  (b)  both  master  cylinder  pressure 
sensors  provide  output  values  higher  than  their  set  point  values,  indicating  brake  pedal  depression.  If  braking  is 
requested,  as  determined  by  either  one  of  these  tests,  the  routine  moves  to  block  246  where  the  offset  timer  is  set  to 
zero  and  then  to  block  244  where  the  signal  DESIRED  PRESSURE  for  each  sensor  is  set  equal  to  the  signal  RAW 

so  PRESSURE  from  each  pressure  sensor  subtracted  by  the  sensor  offset  value  stored  in  memory. 
[0034]  The  offset  for  each  sensor  is  initially  set  to  the  maximum  allowed  value  and,  when  no  braking  is  or  has  been 
requested  for  a  predetermined  time  period,  is  continuously  updated  in  the  part  of  the  routine  indicated  by  blocks  232- 
242. 
[0035]  More  particularly,  if  at  block  230  braking  was  not  requested,  the  routine  moves  to  block  232  where  the  OFFSET 

55  TIMER  is  compared  to  the  value  OFFSET  TIME.  OFFSET  TIMER  keeps  track  of  the  amount  of  time  since  braking  was 
last  requested.  (Note:  When  braking  is  requested,  block  246  resets  the  offset  timer  to  zero.)  The  predetermined  value 
of  OFFSET  TIME  sets  the  time  period  for  which  no  braking  must  be  applied  before  the  offset  is  updated.  If  at  block  232 
the  offset  timer  is  not  equal  to  the  offset  time,  the  routine  moves  to  block  236.  At  block  236,  the  routine  determines  if 
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OFFSET  TIMER  is  greater  than  OFFSET  TIME.  If  not,  the  routine  moves  to  block  238  where  OFFSET  TIMER  is  incre- 
mented  and  continues  to  block  244. 
[0036]  If  at  block  232  the  offset  timer  is  equal  to  the  offset  time,  the  adaptive  updating  of  the  sensor  offsets  begins  at 
block  234  where  the  offset  for  each  sensor  is  set  to  the  maximum  offset  allowed  and  OFFSET  TIMER  is  incremented. 

5  At  block  236,  OFFSET  TIMER  is  now  greater  than  OFFSET  TIME  so  the  routine  continues  to  block  240  where  it  com- 
pares  the  pressures  from  both  of  the  master  cylinder  pressure  sensors  (88  and  90)  and  runs  a  simple  boundary  test.  If 
both  sensors  are  within  a  predetermined  range  of  each  other,  if  both  sensor  outputs  are  below  the  highest  allowed  offset 
pressure  and  if  both  sensor  outputs  are  above  the  lowest  allowed  offset  pressure,  this  test  is  passed.  If  not,  the  routine 
maintains  the  offsets  at  the  previously  determined  values  and  continues  to  block  241  ,  where  the  routine  sets  appropri- 

10  ate  flags  indicating  a  diagnostic  failure,  corresponding  to  the  pressure  that  is  out  of  bounds.  The  routine  then  continues 
to  block  244. 
[0037]  If  the  pressure  bounds  test  is  passed  at  block  240,  the  routine  moves  to  block  242  where  the  offset  for  each 
sensor  88,  90  is  updated  equal  to  the  read  signal,  RAW  PRESSURE,  from  each  master  cylinder  pressure  sensor  88, 
90.  Thus,  at  block  244,  the  signal  DESIRED  PRESSURE  for  each  of  the  master  cylinder  brake  lines  is  determined 

15  responsive  to  the  raw  pressure  of  each  sensor  88,  90  and  the  offset  of  each  sensor  88,  90. 
[0038]  Accordingly,  then,  this  invention  provides  adaptive  offset  updating  to  the  brake  system  pressure  sensors. 
Implementing  the  adaptive  updating  routine  set  forth  above,  this  invention  controls  the  hydraulic  brake  system  including 
pressure  transducers  for  outputting  brake  pressure  signals  responsive  to  brake  pedal  depression  and  indicative  of  oper- 
ator-desired  braking.  When  the  brake  pedal  is  depressed,  a  brake  command  is  determined  in  response  to  the  pressure 

20  transducer  output  and  a  stored  offset  value.  When  the  brake  pedal  is  not  depressed,  a  timer  commences  running. 
[0039]  If,  while  the  timer  is  running,  the  brake  pedal  is  depressed,  the  timer  is  reset  and  the  braking  is  controlled  as 
indicated  above.  If  the  timer  times  out  before  the  brake  pedal  is  depressed  again,  the  pressure  transducer  signals  are 
monitored  and  compared  to  predetermined  limit  values  indicative  of  an  acceptable  range  of  output  values  when  the 
pedal  is  not  depressed.  If  the  pressure  transducer  signals  are  within  the  predetermined  limit  values,  the  stored  offsets 

25  are  updated  to  equal  the  present  pressure  transducer  output  signals.  Otherwise,  if  the  pressure  transducer  signals  are 
not  within  the  predetermined  limit  values,  the  offsets  are  not  updated.  Thus,  this  invention  provides  updates  to  the  brake 
line  transducer  signals  during  periods  of  no  brake  pedal  depression,  accounting  for  ageing  of  the  transducers,  and 
change  of  environment,  i.e.,  elevation  above  sea  level,  which  may  affect  the  transducer  outputs. 
[0040]  Referring  now  to  Figure  4,  the  flow  diagram  illustrated  comprises  the  steps  the  controller  takes  in  determining 

30  the  brake  torque  command,  the  front  and  rear  brake  torque  commands,  the  retard  request  provided  to  the  motor  con- 
troller  and  the  front  friction  brake  commands.  The  subroutine  starts  at  block  249  and  moves  to  block  250  where  the  sig- 
nal  BRAKE  COMMAND  (referred  to  as  brake  torque  command  above),  representative  of  total  torque  required  to  slow 
the  vehicle  down  in  response  to  the  driver  requested  braking,  is  retrieved  from  a  look-up  table  in  memory  in  response 
to  the  signal  DESIRED  PRESSURE  (the  greater  of  the  values  for  the  two  master  cylinder  pressure  lines  is  used).  Typ- 

35  ically,  this  look-up  table  performs  the  function: 

BRAKE  COMMAND  =  DESIRED  PRESSURE  *  (1/SPECIFIC  TORQUE) 

where  SPECIFIC  TORQUE  is  a  constant  predeterminable  for  the  particular  brake  system  by  one  skilled  in  the  art. 
40  [0041  ]  At  block  252,  the  routine  checks  to  determine  if  any  errors  are  present  in  the  front  brake  system.  Error  may  be 

determined  by  implementation  of  a  standard  ABS  diagnostics  routine  known  to  those  skilled  in  the  art  that  tests  the 
wheel  speed  sensors  for  open  circuits,  short  circuits,  jitter,  etc..  If  any  of  these  known  tests  fail,  the  ABS  function  is  dis- 
abled  and  the  ABS  indicator  light  in  the  instrument  panel  is  illuminated.  The  known  diagnostics  also  include  standard 
actuator  tests,  which  check  for  open  and  short  circuits,  proper  voltage  levels,  movement  slip,  nut  test  and  apply/release 

45  times  too  long,  etc..  If  any  of  these  known  tests  fail,  the  corresponding  channel  is  disabled  and  the  opposite  rear  wheel 
brake  is  disabled  (in  a  diagonal  split  control). 
[0042]  Example  tests  are  set  forth  in  copending  Applications,  Attorney  Docket  Nos.  G-9561  and  H-168690. 
[0043]  The  pressure  sensor  tests  check  for  open  circuits  and  shorts  by  sensing  the  line  voltages,  and  compare  the 
offsets  to  predetermined  limits.  If  one  of  the  master  cylinder  sensors  88  and  90  fails  the  test,  the  other  sensor  is  used. 

so  If  one  of  the  actuator  sensors  106,  108  fails,  the  corresponding  actuator,  and  diagonal  rear  actuator  are  shut  down. 
[0044]  If  the  communications  link  between  the  brake  controller  and  motor  controller  fails,  the  regenerative  braking 
function,  if  implemented,  is  disabled.  If  there  are  dual  system  failures,  instead  of  a  diagonal  split  system,  both  front  actu- 
ators  are  disabled  and  the  system  is  run  as  a  manual  front  system,  with  rear  actuators  operational  unless  a  shut  down 
is  required  of  the  rear  actuators. 

55  [0045]  Testing  of  the  rear  brake  actuators  includes  known  testing  methods  on  the  rear  wheel  speed  sensors  and  actu- 
ators.  In  general,  any  one  or  both  of  the  rear  brake  actuators  may  be  disabled  at  any  time  without  adversely  affecting 
front  braking  performance. 
[0046]  If  there  are  errors  in  both  actuators,  the  front  brake  system  is  driven  in  manual  mode  as  a  manual  system.  In 
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manual  mode,  there  is  no  power  boost  provided  by  the  front  actuators  to  aid  in  braking.  Regenerative  braking  may  or 
may  not  be  implemented,  depending  upon  the  system.  As  indicated  above,  depending  upon  the  state  of  the  rear  brakes, 
the  rear  brake  actuators  may  or  may  not  be  activated.  The  braking  response  in  manual  mode  is  similar  to  the  response 
of  a  conventional  braking  system  in  an  internal  combustion  engine  vehicle  in  which  the  vacuum  boost  has  been  disa- 

5  bled. 
[0047]  If  only  one  actuator  has  an  error,  the  brake  system  is  run  as  a  diagonal  split  system.  The  actuator  with  the  error 
is  shut  down  and  the  diagonal  rear  actuator  is  shut  down  (by  setting  the  actuator  commands  to  zero).  In  an  alternative 
implementation,  instead  of  running  as  a  diagonal  split  system,  the  system  may  shut  down  both  front  actuators  in 
response  to  an  error  in  either  front  actuator. 

10  [0048]  If  the  system  is  in  manual  mode,  the  routine  moves  to  block  254,  where  the  signal  REAR  DESIRED  TORQUE 
is  retrieved  from  a  look-up  table  in  response  to  BRAKE  COMMAND.  If  the  front  brake  actuators  are  operational  at  block 
252,  the  system  is  in  power  mode  and  the  routine  moves  to  block  256,  where  the  signal  REAR  DESIRED  TORQUE  is 
retrieved  from  a  second  look-up  table  in  response  to  BRAKE  COMMAND. 
[0049]  The  first  look-up  table  used  at  block  254  represents  a  lower  gain  factor  for  the  signal  REAR  DESIRED 

15  TORQUE  than  the  second  look-up  table  used  at  block  256.  Thus,  advantageously  according  to  this  invention,  in  the 
power  mode  where  the  front  brake  actuators  are  operational,  the  rear  brakes  have  a  higher  gain  and  in  manual  mode 
where  the  front  brake  actuators  are  not  operational,  the  rear  brakes  have  a  lower  gain. 
[0050]  Advantageously,  according  to  this  invention  as  described  above,  a  brake  torque  command  is  determined  in 
response  to  operator  depression  of  the  brake  pedal  according  to  a  selected  gain  factor.  If  the  system  is  in  power  mode, 

20  i.e.,  the  hydraulic  brake  actuators  are  operational,  a  first  gain  factor  is  selected.  If  the  system  is  in  manual  mode,  i.e., 
both  the  hydraulic  brake  actuators  are  not  operational,  a  second  gain  factor  is  selected,  wherein  the  first  gain  factor  is 
greater  than  the  second  gain  factor.  The  brake  torque  command  is  then  determined  in  response  to  the  selected  gain 
factors.  Thus,  when  the  rear  brake  commands  are  determined,  which  are  determined  either  directly  or  indirectly  in 
response  to  the  selected  gain,  they  will  be  scaled  properly  for  either  power  braking  mode  or  manual  braking  mode.  In 

25  the  electric  vehicle  system  that  uses  regenerative  braking,  the  retard  request  may  be  determined  either  directly  or  indi- 
rectly  in  response  to  the  selected  gain  factors,  and  thus  will  also  be  properly  scaled  for  either  power  or  braking  mode. 
[0051]  Referring  again  to  Figure  4,  the  routine  continues  to  block  258  where  the  signal  FRONT  DESIRED  TORQUE 
is  retrieved  from  another  look-up  table  in  response  to  the  signal  REAR  DESIRED  TORQUE.  Note  that  regenerative 
braking  may  be  determined  in  response  to  the  FRONT  DESIRED  TORQUE  signal,  and,  thereby,  gain  shifting  of  the 

30  regenerative  braking  command  is  accounted  for. 
[0052]  The  routine  then  moves  to  block  266  where  the  FRONT  FRICTION  TORQUE  command  is  determined.  Deter- 
mination  of  this  command  depends  upon  the  system  implementation.  In  an  electric  vehicle  with  regenerative  brake 
blending,  the  front  friction  torque  command  may  be  determined  as  the  difference  between  the  FRONT  DESIRED 
TORQUE  and  the  retard  achieved  through  the  motor  control,  i.e.,  brake  pedal  and  accelerator  pedal  summing  and 

35  regenerative  braking  achieved.  If  the  system  is  in  ABS  mode,  regenerative  braking  may  be  disabled. 
[0053]  Again  at  block  268,  the  ABS  mode  flag  is  checked.  If  the  system  is  not  in  ABS  mode,  the  signal  FRONT 
WHEEL  TORQUE  is  set  equal  to  FRONT  FRICTION  TORQUE.  If  the  system  is  in  the  ABS  mode,  at  block  272,  FRONT 
WHEEL  TORQUE  is  set  equal  to  the  minimum  of  the  ABS  torque  command  and  FRONT  FRICTION  TORQUE.  At  block 
274,  the  pressure  command  for  the  front  brake  hydraulic  lines,  COMMAND  PRESSURE,  is  set  equal  to  FRONT 

40  WHEEL  TORQUE  times  SPECIFIC  TORQUE.  After  determining  COMMAND  PRESSURE,  the  routine  exits  at  block 
276. 
[0054]  Control  of  the  front  brake  actuators  responsive  to  COMMAND  PRESSURE  is  set  forth  in  the  above  mentioned 
commonly  assigned  copending  applications,  Attorney  Docket  Nos.  G-9561  and  H-1  68690.  Alternatively,  any  suitable 
type  of  front  brake  control  system  may  be  used  in  the  alternative. 

45  [0055]  Referring  now  to  Figures  5a  and  5b,  the  control  of  the  rear  electric  drum  brakes  is  performed  by  a  series  of 
subroutines  in  the  manner  indicated  in  the  rear  wheel  brake  control  state  diagrams  shown.  In  general,  with  each  loop 
through  the  main  control  routine,  only  subroutines  enabled  according  to  the  system  state  are  run.  Enabling  and  disa- 
bling  appropriate  subroutines  is  easily  achieved  by  controlling  a  set  of  flags  according  to  the  criteria  set  forth  herein. 
The  states  shown  in  Figure  5a  control  the  actuator  motor  that  applies  the  brake  shoes  against  the  brake  drum  and  the 

so  states  shown  in  Figure  5b  control  the  parking  brake  latch,  which  either  holds  the  brake  shoes  against  the  brake  drums 
or  releases  the  shoes. 
[0056]  Blocks  630,  632  and  634  comprise  the  IDLE  state  in  which  the  rear  actuators  are  idle  with  either  the  parking 
brake  off,  IDLE  UNLATCHED,  block  634  or  the  parking  brake  activated,  IDLE  LATCHED,  block  632.  In  general,  when  in 
the  IDLE  UNLATCHED  state  634,  where  the  parking  brake  is  not  latched,  the  system  remains  in  the  IDLE  UNLATCHED 

55  state  634  until  either  the  parking  brake  is  activated,  at  which  point  the  system  moves  to  the  REGULATION  state  640,  or 
until  braking  is  requested.  The  system  determines  that  braking  is  requested  either  by  a  sensed  depression  of  the  brake 
pedal  or  by  vehicle  movement  during  a  park  brake  request.  When  the  system  is  in  the  IDLE  UNLATCHED  state  634  and 
braking  is  requested,  the  system  moves  to  the  INITIALISATION  state  636. 

6 



EP  0  667  269  B1 

[0057]  When  the  parking  brake  is  activated  and  the  vehicle  is  not  moving,  the  system  enters  the  REGULATION  state 
640  and  activates  the  Regulate  Rear  Braking  subroutine.  In  the  REGULATION  state  640,  the  system  cycles  the  rear 
electric  brakes  by  ramping  up  the  electric  brakes  to  move  the  shoes  against  the  drum  and  activating  the  parking  brake 
latch.  The  latch  control  system  remains  in  IDLE  state  642  until  the  shoes  are  controlled  by  the  brake  actuator  to  apply 

5  parking  brake  pressure  against  the  brake  drum.  Once  the  shoes  are  moved  to  press  against  the  brake  drum,  as  indi- 
cated  by  the  actuator  current  reaching  the  maximum  level,  the  latch  control  system  moves  to  the  LATCHING  state  644, 
where  it  activates  the  parking  brake  latch  for  each  rear  wheel.  The  latch  control  system  then  returns  to  IDLE  state  642. 
After  the  parking  brake  is  latched,  a  flag  is  set  and  the  actuator  control  system  moves  from  the  REGULATION  state  640, 
to  the  IDLE  LATCHED  state  632,  disabling  the  Regulate  Rear  Braking  subroutine. 

10  [0058]  The  system  remains  in  the  IDLE  LATCHED  state  632  until  the  parking  brakes  are  released,  turning  off  the  park- 
ing  brake  latch  and  setting  an  UNLATCHED  flag.  When  unlatching  the  parking  brake,  the  latch  control  system  moves 
from  IDLE  state  642  to  UNLATCHING  state  646,  where  the  brake  is  unlatched.  Once  the  brake  is  unlatched,  the  latch 
control  system  returns  to  the  IDLE  state  642. 
[0059]  When  this  occurs,  the  actuator  control  system  activates  the  subroutine  Home  Rear  Actuators,  moving  the  sys- 

15  tern  into  the  REHOME  state  638.  In  the  REHOME  state  638,  a  subroutine  is  run  to  rehome  the  rear  electric  drum  brake 
actuators,  moving  the  rear  electric  drum  brake  shoes  to  a  position  readying  the  rear  brakes  for  the  next  brake  applica- 
tion.  If  no  braking  is  requested  by  the  vehicle  operator  while  the  system  is  in  the  REHOME  state  638,  after  the  brakes 
are  rehomed,  the  system  returns  to  the  IDLE  UNLATCHED  state  634. 
[0060]  As  stated  above,  if  the  system  is  in  the  IDLE  UNLATCHED  state  634  and  the  parking  braking  is  requested,  the 

20  system  moves  to  the  REGULATION  640.  If,  in  the  REGULATION  state,  the  parking  brake  is  deactivated,  the  Regulate 
Rear  Braking  subroutine  is  disabled  and  the  Home  Rear  Actuators  subroutine  is  enabled,  moving  the  system  into  the 
REHOME  state  638.  After  the  rehoming  is  completed  and  in  the  absence  of  a  braking  request,  the  system  returns  to 
the  IDLE  UNLATCHED  state  634. 
[0061]  If,  in  the  IDLE  UNLATCHED  state  634,  braking  is  requested,  the  Initialised  Rear  Actuator  subroutine  is  acti- 

25  vated  and  the  system  moves  to  the  INITIALISATION  state  636. 
[0062]  In  the  INITIALISATION  state  636,  if  braking  requests  cease  so  that  neither  braking  nor  the  parking  brake  are 
requested,  the  Initialise  Rear  Actuators  subroutine  is  disabled  and  the  Home  Rear  Actuators  subroutine  is  enabled, 
moving  the  system  into  the  REHOME  state  638.  While  in  the  INITIALISATION  state  636,  the  rear  electric  brakes  are 
initialised  according  to  this  invention  by  firstly  activating  the  rear  actuators  at  full  power  for  a  first  predetermined  time 

30  period,  secondly  activating  the  rear  electric  brake  actuators  at  a  partial  power  responsive  to  operator  brake  pedal 
depression  and  a  high  gain  factor  for  a  second  predetermined  time  period  to  thereby  quickly  move  the  brake  pads  close 
to  the  drums  when  braking  is  requested.  Thereafter,  normal  braking  is  performed  at  a  normal  gain  responsive  to  drive 
input,  with  the  normal  gain  lower  than  the  high  gain. 
[0063]  Once  the  brakes  are  initialised  and  the  braking  request  is  still  continued,  an  INITIALISED  flag  is  set  and  the 

35  Regulate  Rear  Braking  subroutine  is  activated,  moving  the  system  into  the  REGULATION  state  640. 
[0064]  When  the  system  is  in  the  REGULATION  state  640  due  to  a  braking  request,  the  rear  electric  brake  actuators 
are  controlled  responsive  to  the  driver  brake  pedal  input  to  maintain  the  desired  brake  pressure  in  the  rear  electric 
brakes.  If  in  the  REGULATION  state  640,  all  brake  commands  cease,  the  system  moves  to  the  REHOME  state  638, 
activating  the  Home  Rear  Actuators  subroutine  and  deactivating  the  Regulate  Rear  Actuators  subroutine. 

40  [0065]  The  subroutines  performed  in  each  of  the  system  states  are  described  in  more  detail  below  with  reference  to 
Figures  6-16.  The  subroutine  run  in  the  idle  states  is  not  shown  because  of  its  simplicity.  More  particularly,  in  the  idle 
states,  the  system  generally  takes  no  action  on  the  actuator  or  latch,  performs  known  diagnostics  for  motor  actuators 
and  brake  systems,  and  waits  for  system  inputs.  In  the  IDLE  UNLATCHED  state  634,  the  system  waits  for  park  brake 
and  brake  commands.  In  the  IDLE  LATCHED  state  632,  the  system  monitors  for  a  park  brake  unlatch  command.  In  the 

45  latch  control  system,  IDLE  state  642  monitors  for  parking  brake  commands  -  latch  and  unlatch. 
[0066]  Referring  now  to  Figure  6,  the  Initialised  Rear  Actuators  subroutine  is  shown  and  is  activated  by  the  setting  of 
an  appropriate  flag  when  the  system  is  in  the  INITIALISATION  state  636.  The  routine  starts  at  block  650  and  moves  to 
block  652,  where  the  routine  checks  to  determine  if  this  is  the  first  loop  through  the  initialise  routine  for  the  present  brake 
request.  If  so,  the  variable  INITIALISE  TIMER  is  reset  and  the  INITIALISED  flag  is  set  to  false. 

so  [0067]  The  routine  then  continues  to  block  656  where  the  variable  INITIALISE  TIMER  is  compared  to  a  predetermined 
value  BUMP  TIME.  If  INITIALISE  TIMER  is  less  than  BUMP  TIME,  the  routine  moves  to  block  658  where  the  rear  brake 
actuator  motors  are  commanded  full  on  and  then  the  routine  continues  to  block  662.  At  block  662,  the  value  for  INITIAL- 
ISE  TIMER  is  incremented  and  the  routine  is  exited  at  block  666. 
[0068]  If,  at  block  656,  INITIALISE  TIMER  is  not  less  than  BUMP  TIME,  the  routine  moves  to  block  660  where  the 

55  value  of  INITIALISE  TIMER  is  compared  to  a  value  BUMP  TIME  +  DUTY  TIME.  If  at  block  660  the  value  of  INITIALISE 
TIMER  is  less  than  BUMP  TIME  +  DUTY  TIME,  the  routine  moves  to  block  664  where  the  rear  motor  voltage  is  set 
according  to  the  equation: 
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REAR  MOTOR  VOLTAGE  =  (DUTY  GAIN  *  REAR  DESIRED  TORQUE) 
+  DUTY  OFFSET, 

where  DUTY  GAIN  is  a  high  gain  used  during  the  period  between  BUMP  TIME  and  DUTY  TIME  during  initialisation, 
and  DUTY  OFFSET  is  a  predetermined  value  used  to  offset  friction  in  the  actuator.  The  routine  then  continues  to  block 
662,  where  INITIALISE  TIMER  is  incremented  and  then  exits  at  block  666. 
[0069]  If  INITIALISE  TIMER  is  not  less  than  BUMP  TIME  +  DUTY  TIME  at  block  660,  the  actuators  are  initialised.  The 
routine  moves  to  block  665,  sets  an  INITIALISED  flag  to  true,  indicating  that  the  rear  initialisation  is  done,  and  exits  at 
block  666.  In  response  to  the  INITIALISED  flag  set  to  true  at  block  665,  the  system  deactivates  the  Initialise  Rear  Actu- 
ators  subroutine  and  moves  from  the  INITIALISATION  state  636  into  the  REGULATION  state  640. 
[0070]  Thus,  advantageously,  according  to  this  invention,  the  initialisation  and  activation  of  the  brake  actuators  as 
described  herein  is  a  three-step  process.  When  a  brake  command  is  first  received,  the  brake  actuators  are  commanded 
full  on  for  a  first  predetermined  time  period,  referred  to  as  the  BUMP  TIME  (i.e.,  15  ms).  After  the  first  predetermined 
time  period,  the  motors  are  commanded  responsive  to  the  brake  pedal  input  and  a  very  high  gain  factor  for  a  second 
time  period,  referred  to  as  the  DUTY  TIME  (i.e.,  300  ms).  From  that  point  on,  the  brake  motors  are  commanded  accord- 
ing  to  the  brake  pedal  input  and  normal  brake  gain  factors.  Thus  the  motors  are  provided  with  full  power  for  the  BUMP 
TIME,  high  gain  output  for  the  DUTY  TIME  and  normal  gain  output  for  the  remainder  of  the  braking  application. 
[0071]  Advantageously,  according  to  this  process,  the  driver's  brake  input  is  used  to  control  the  rear  brake  initialisa- 
tion.  Thus,  responsive  to  a  soft  depression  of  the  brake  pedal  by  the  vehicle  operator,  the  brake  actuators  have  a  softer 
initialisation.  Responsive  to  a  hard  depression  of  the  brake  pedal  by  the  vehicle  operator  (i.e.,  slamming  on  the  brakes), 
the  brake  actuators  have  a  spiked  or  very  fast  initialisation.  Thus,  advantageously,  this  invention  eliminates  an  overly 
hard  initialisation  for  slow  or  soft  operator  brake  apply  while  also  preventing  a  lagging  initialisation  for  fast  or  hard  oper- 
ator  brake  applies. 
[0072]  It  is  recognised  that  the  above  described  advantages  of  this  invention  are  embodied,  structurally,  in  an  appa- 
ratus  according  to  this  invention  comprising  an  input  device  for  receiving  a  brake  input,  a  brake  actuator  and  a  control 
device  coupled  to  the  input  device  and  the  brake  actuator  and  receiving  brake  commands  from  the  input  device  and  pro- 
viding  actuator  commands  to  control  current  and  voltage  to  the  brake  actuator,  wherein,  when  a  brake  command  is  first 
received,  the  controller  outputs,  for  a  first  predetermined  time  period,  a  brake  torque  command  to  the  brake  actuator 
commanding  maximum  current  to  the  actuator,  wherein,  after  the  first  predetermined  time  period,  the  controller  outputs, 
for  a  second  predetermined  time  period,  a  brake  torque  command  to  the  brake  actuator  commanding  voltage  to  the 
actuator  responsive  to  the  brake  command  and  a  first  gain  factor,  and  wherein  after  the  second  predetermined  time 
period,  the  controller  outputs  the  brake  torque  command  to  the  brake  actuator  commanding  current  to  the  actuator 
responsive  to  the  brake  command  and  a  second  gain  factor,  wherein  the  first  gain  factor  is  greater  than  the  second  gain 
factor  wherein  brake  initialisation  is  responsive  to  the  brake  input. 
[0073]  It  is  appreciated  that  the  example  of  this  invention  described  herein  embodies  the  method  of  this  invention 
comprising  the  steps  of:  (i)  receiving  a  brake  command  from  a  brake  pedal;  (ii)  responsive  to  the  received  command, 
applying  full  power  to  the  brake  actuator  for  a  first  time  period  after  the  brake  command  is  received;  (iii)  after  the  first 
time  period,  applying  power  to  the  brake  actuator  responsive  to  the  brake  command  and  a  first  gain  factor  for  a  second 
time  period;  (iv)  after  the  second  time  period,  applying  power  to  the  brake  actuator  responsive  to  the  brake  command 
and  a  second  gain  factor,  wherein  the  second  gain  factor  is  less  than  the  first  gain  factor,  wherein  the  brake  actuator  is 
initialised  responsive  to  the  brake  command. 
[0074]  Figures  7a  and  7b  illustrate  the  Regulate  Rear  Braking  subroutine  used  for  controlling  the  application  of  the 
rear  brakes  in  response  to  a  braking  request.  In  general  the  routine  converts  the  rear  desired  torque  command  to  a 
motor  current  command  and  applies  the  motor  current  command  to  the  brake  actuator  motor. 
[0075]  Referring  to  Figures  7a  and  7b,  the  routine  starts  at  block  702  and  moves  to  block  704  where  it  determines  if 
the  command  REAR  DESIRED  TORQUE  is  increasing  or  decreasing.  The  test  performed  at  block  702  is  illustrated  in 
Figure  8,  starting  at  block  730  and  moving  to  block  732  where  it  subtracts  from  the  value  REAR  DESIRED  TORQUE 
the  previous  value  OLD  REAR  DESIRED  TORQUE,  which  is  the  previously  updated  rear  desired  torque  command.  If 
this  difference  is  greater  than  a  predetermined  threshold  INCREASING  INDICATOR  (i.e.,  corresponding  to  20  ft-lbs  of 
torque),  then  it  is  determined  that  the  value  REAR  DESIRED  TORQUE  is  increasing  and  block  736  sets  the  flag  REAR 
DIRECTION  to  INCREASING. 
[0076]  If  at  block  732,  the  difference  is  not  greater  than  INCREASING  INDICATOR,  the  routine  moves  to  block  734 
where  the  difference  REAR  DESIRED  TORQUE  -  OLD  REAR  DESIRED  TORQUE  is  compared  to  a  negative  threshold 
DECREASING  INDICATOR.  If  the  difference  is  greater  than  or  equal  to  DECREASING  INDICATOR  (i.e.,  corresponding 
to  -20  ft-lbs  of  torque),  then  the  REAR  DIRECTION  flag  remains  at  its  previous  value  and  the  routine  exits  at  block  742. 
If  the  difference  is  less  than  DECREASING  INDICATOR,  then  it  is  determined  that  the  value  REAR  DESIRED  TORQUE 
is  decreasing,  and  block  738  sets  the  flag  REAR  DIRECTION  to  DECREASING. 
[0077]  From  blocks  736  or  738,  the  routine  continues  to  block  740,  where  the  value  OLD  REAR  DESIRED  TORQUE 
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is  updated  equal  to  the  value  REAR  DESIRED  TORQUE.  The  routine  then  exits  at  block  742. 
[0078]  Referring  again  to  Figures  7a  and  7b,  if  the  flag  REAR  DIRECTION  is  INCREASING,  the  routine  moves  from 
block  704  to  block  716,  where  it  sets  the  MOTOR  DIRECTION  flag  to  FORWARD.  The  routine  then  continues  to  block 
71  8  where  it  determines  the  command  REAR  MOTOR  CURRENT  (which  is  the  same  as  LR  MOTOR  CURRENT  NOM- 

5  INAL  and  RR  MOTOR  CURRENT  NOMINAL,  below)  as  follows: 

REAR  MOTOR  CURRENT  =  (REAR  DESIRED  TORQUE  *REAR 
FORCE  TO  CURRENT  COEF)  +  REAR  CURRENT  OFFSET  FWD 

10 
The  value  REAR  FORCE  TO  CURRENT  COEF  is  a  multiplier  coefficient  for  converting  the  command  REAR  DESIRED 
TORQUE  to  a  current  command.  The  value  REAR  CURRENT  OFFSET  FWD  is  an  offset  value  that  accounts  for  friction 
in  the  actuator.  These  values  will  vary  from  implementation  to  implementation  and  are  easily  determined  by  one  skilled 
in  the  art  in  view  of  the  discussion  herein. 

15  [0079]  If,  at  block  704,  the  value  REAR  DIRECTION  flag  is  DECREASING,  the  routine  continues  to  block  706  where 
the  flag  MOTOR  DIRECTION  is  set  equal  to  REVERSE.  The  routine  then  moves  to  block  708  where  it  performs  a  test 
to  determine  if  enhanced  commands  are  desired  for  the  rear  brake  actuators,  and  sets  a  flag  REAR  MODULATION 
ENHANCE  to  either  YES  or  NO. 
[0080]  The  test  at  block  708  is  only  performed  when  the  commanded  rear  torque  (REAR  DESIRED  TORQUE)  is 

20  decreasing.  Normally,  when  the  commanded  rear  torque  is  decreasing,  the  torque  applied  by  the  brakes  is  decreased 
by  a  predetermined  ramp  rate  (i.e.,  a  decrease  of  2,000  ft-lbs  per  second)  or  the  rate  of  decrease  of  the  commanded 
torque,  which  ever  is  less,  until  the  actual  torque  equals  the  commanded  torque.  In  the  motor  actuator  implementation, 
this  rate  of  decrease  is  limited  by  the  rate  that  the  rear  motor  current  is  decreased.  The  test  at  block  708  compares  the 
rate  of  decrease  of  the  commanded  rear  torque  as  represented  by  the  REAR  DESIRED  TORQUE  command  with  the 

25  predetermined  ramp  rate.  If  the  commanded  rear  torque  is  decreasing  at  a  rate  greater  than  the  predetermined  ramp 
rate,  then  an  enhance  mode  is  activated,  in  which  the  torque  applied  by  the  brakes  is  decreased  by  a  rate  greater  than 
the  predetermined  ramp  rate.  In  the  motor  actuator  implementation,  the  enhanced  rate  of  decrease  of  applied  brake 
torque  is  achieved  by  assigning  negative  currents  to  the  motor  actuators,  actually  driving  the  actuators  to  retract,  to 
force  them  to  release  at  a  faster  rate.  The  rate  of  release  and  the  commanded  current  depend  on  the  desired  torque 

30  being  commanded.  For  decreases  between  high  levels  of  commanded  torque,  the  current  levels  applied  to  the  motor 
are  small,  since  the  brake  mechanism  return  spring  provides  a  high  amount  of  return  force  for  high  torque  brake  appli- 
cations.  For  decreases  between  low  levels  of  commanded  torque,  the  current  applied  to  the  motor  is  higher,  since  there 
is  not  as  much  assist  from  the  brake  mechanism  return  spring. 
[0081]  Thus,  this  invention  provides  a  method  of  operating  a  brake  device  to  decrease  applied  brake  torque  in 

35  response  to  decreased  commanded  brake  torque  (a)  in  a  first  mode  of  operation  in  which,  the  brake  torque  is  released 
at  the  lesser  of  (i)  a  predetermined  ramp  rate  and  (ii)  the  rate  of  decrease  of  the  brake  torque  command;  and  (b)  in  a 
second  mode  of  operation  in  which,  the  brake  torque  is  released  at  a  second  predetermined  ramp  rate,  greater  than  the 
first  predetermined  ramp  rate,  the  second  mode  of  operation  selected  when  the  rate  of  decrease  of  the  brake  torque 
command  is  greater  than  a  threshold  value. 

40  [0082]  According  to  this  invention,  in  a  brake  device  with  a  motor  actuator  in  which  forward  current  causes  the  motor 
to  force  a  first  friction  braking  surface  against  a  second  friction  braking  surface,  with  a  resulting  brake  torque  relational 
to  the  forward  current  and  in  which  reverse  current  causes  the  motor  retract  the  first  friction  braking  surface  away  from 
the  second  friction  braking  surface,  a  method  of  decreasing  the  resulting  brake  torque  in  response  to  an  operator  brake 
command  comprising:  (a)  a  first  mode  of  operation  in  which,  forward  current  is  reduced  responsive  to  the  brake  com- 

45  mand  to  achieve  a  decrease  in  the  resulting  brake  torque  and  (b)  a  second  mode  of  operation  in  which  reverse  current 
is  applied  to  the  motor  actuator  to  achieve  a  decrease  in  the  resulting  brake  torque,  the  second  mode  selected  when 
the  brake  command  is  reduced  as  a  rate  greater  than  a  predetermined  threshold. 
[0083]  The  test  at  block  708  is  illustrated  in  Figure  9  and  starts  at  block  744  and  moves  to  block  746  where  it  checks 
the  current  status  of  the  REAR  MODULATION  ENHANCE  flag.  At  block  746,  if  the  REAR  MODULATION  ENHANCE 

so  flag  is  YES,  the  routine  continues  to  block  756  where  the  following  comparison  is  made: 

REAR  DESIRED  TORQUE  <  (OLD  REAR  DESIRED  TORQUE-ENH  RATE), 

where  ENH  RATE  is  a  predetermined  level  (i.e.,  1  1  ft  lbs)  that  sets  the  condition  for  the  routine  staying  in  the  enhanced 
55  mode.  If  the  above  condition  is  false,  then  it  is  no  longer  necessary  to  operate  in  the  enhanced  mode  and  the  routine 

moves  to  block  764,  where  the  REAR  MODULATION  ENHANCE  flag  is  set  to  NO.  The  routine  is  then  exited  at  block 
766. 
[0084]  If  the  condition  tested  at  block  756  is  true,  then  the  routine  moves  to  block  758  where  OLD  REAR  DESIRED 
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TORQUE  is  updated  according  to: 

OLD  REAR  DESIRED  TORQUE  =  OLD  REAR  DESIRED  TORQUE  -  ENH  RATE. 

5  [0085]  This  step  updates  OLD  REAR  DESIRED  TORQUE  so  that  the  next  run  through  the  routine  in  Figure  9,  the 
enhance  mode  is  only  maintained  at  blocks  756  and  764  described  above  if  the  command  REAR  DESIRED  TORQUE 
continues  to  change  at  a  sufficient  rate. 
[0086]  After  block  758,  the  routine  moves  to  block  760  where  the  timer  ENHANCE  TIMER  is  incremented.  After  block 
760,  the  routine  moves  to  block  762  where  ENHANCE  TIMER  is  compared  to  a  time-out  value  ENHANCE  TIME.  If 

10  ENHANCE  TIMER  is  greater  than  ENHANCE  TIME,  the  routine  moves  to  block  764,  where  the  flag  REAR  MODULA- 
TION  ENHANCE  is  set  to  NO,  removing  the  routine  from  enhance  mode.  Otherwise,  from  block  762,  the  routine  moves 
to  block  766,  where  it  is  exited.  The  test  at  block  762  sets  a  limit  on  the  amount  of  time  that  the  system  can  be  in 
enhance  mode,  limiting  the  amount  of  time  that  reverse  current  can  be  applied  to  the  brake  during  normal  (non-ABS) 
braking  operations  involving  decreasing  brake  torque  commands. 

15  [0087]  If,  at  block  746,  the  flag  REAR  MODULATION  ENHANCE  was  set  to  NO,  the  routine  moves  to  block  748  where 
the  following  condition  is  tested: 

REAR  DESIRED  TORQUE  <  (OLD  REAR  DESIRED  TORQUE  -  ENH  ENTRY), 

20  where  the  value  ENH  ENTRY  is  a  value  (i.e.  15  ft-lbs)  that  sets  the  threshold  rate  for  entry  into  the  enhance  mode.  If 
the  condition  tested  at  block  748  is  not  true,  the  routine  moves  to  block  750  where  the  value  OLD  REAR  DESIRED 
TORQUE  is  updated  to  equal  the  value  REAR  DESIRED  TORQUE.  The  routine  then  continues  to  block  752  where 
ENHANCE  TIMER  is  reset  to  zero  and  the  routine  is  exited  at  block  766. 
[0088]  If  the  condition  tested  at  block  748  is  true,  the  routine  continues  to  block  754  where  the  flag  REAR  MODULA- 

25  TION  ENHANCE  is  set  to  YES  to  indicate  that  the  system  is  in  enhance  mode.  The  routine  then  continues  to  block  758 
described  above. 
[0089]  Referring  again  to  Figures  7a  and  7b,  if  block  708  sets  the  flag  REAR  MODULATION  ENHANCE  to  NO, 
enhanced  actuator  commands  are  not  desired  and  the  routine  moves  to  block  710,  where  the  command  REAR  MOTOR 
CURRENT  is  determined  as  follows: 

30 
REAR  MOTOR  CURRENT  =  (REAR  DESIRED  TORQUE  *REAR 
FORCE  TO  CURRENT  COEF)  +  REAR  CURRENT  OFFSET  REV, 

35  where  REAR  CURRENT  OFFSET  REV  is  an  offset  value  added  to  overcome  actuator  friction. 
[0090]  From  block  71  0  or  71  8  the  routine  continues  to  block  720  where  a  dither  is  added  to  the  motor  current  to  pre- 
vent  mechanical  hang-ups  in  the  actuator.  The  dither  is  a  pulse  of  reverse  current  applied  periodically  to  the  motor,  for 
example,  every  48  milliseconds. 
[0091]  At  block  720  the  value  DITHER  TIMER  is  compared  to  a  value  DITHER  TIME.  If  DITHER  TIMER  is  not  greater 

40  than  DITHER  TIME,  then  DITHER  TIMER  is  incremented  at  block  722  and  the  routine  is  exited  at  block  728.  If  at  block 
720  DITHER  TIMER  is  greater  than  the  value  DITHER  TIME,  the  routine  moves  to  block  724  where  the  value  DITHER 
TIMER  is  reset  to  zero  and  to  block  726  where  the  command  REAR  MOTOR  CURRENT  is  multiplied  by  -1  to  create  the 
reverse  current  pulse.  The  routine  is  then  exited  at  block  728. 
[0092]  Referring  back  to  block  708,  if  the  flag  REAR  MODULATION  ENHANCE  is  set  to  YES,  enhance  commands 

45  are  desired  and  the  routine  moves  to  block  712  where  the  command  REAR  MOTOR  CURRENT  is  determined  as: 

REAR  MOTOR  CURRENT  =  (REAR  DESIRED  TORQUE  *ENH 
FORCE  TO  CURRENT)  +  ENH  CURRENT  OFFSET, 

50 
where  the  value  ENH  FORCE  TO  CURRENT  is  a  multiplier  coefficient  for  converting  the  torque  command  to  a  current 
command  for  enhance  mode  and  where  the  value  ENH  CURRENT  OFFSET  is  the  offset  for  the  enhance  mode.  The 
values  ENH  FORCE  TO  CURRENT  and  ENH  CURRENT  OFFSET  differ  from  the  values  REAR  FORCE  TO  CURRENT 
and  REAR  CURRENT  OFFSET  REV  in  that  the  value  ENH  FORCE  TO  CURRENT  converts  the  force  command  to  a 

55  negative  current,  so  that  the  brake  actuator  is  positively  driven  in  the  direction  decreasing  friction  force  of  the  brake  and 
tending  to  move  the  brake  pads  away  from  the  brake  drum.  The  value  REAR  FORCE  TO  CURRENT,  always  converts 
the  command  to  a  positive  motor  current,  so  that  the  actuator  provides  force  in  the  direction  of  applying  the  brake  shoes 
against  the  brake  drum. 
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[0093]  Figure  1  0  graphs  the  relation  between  commanded  torque  and  motor  current  commands  determined  at  blocks 
710,  712  and  718.  Trace  768  indicates  the  relation  between  REAR  DESIRED  TORQUE  (in  ft-lbs)  and  REAR  MOTOR 
CURRENT  (in  Amperes)  for  the  increasing  torque  motor  operation.  Trace  770  indicates  the  relation  between  REAR 
DESIRED  TORQUE  (in  ft-lbs)  and  REAR  MOTOR  CURRENT  (in  Amperes)  for  decreasing  torque  motor  operation.  The 

5  differences  between  traces  768  and  770  represent  the  amount  of  hysteresis  in  the  brake  actuator.  Trace  772  represents 
the  relation  between  REAR  DESIRED  TORQUE  and  REAR  MOTOR  CURRENT  when  the  system  is  in  enhance  mode. 
As  can  be  seen,  trace  772  represents  negative  current  levels  compared  to  traces  768  and  770. 
[0094]  The  routine  moves  from  block  712  to  block  714,  where  the  value  DITHER  TIMER  is  set  to  zero,  and  then  exits 
at  block  728. 

10  [0095]  Referring  now  to  Figure  1  1  ,  when  in  the  REGULATION  state  and  braking  is  applied,  the  rear  brake  actuator 
variation  gains  are  controlled  according  to  this  invention  to  balance  rear  braking  torque.  This  portion  of  the  routine  uses 
wheel  speed  information  to  adjust  one  of  the  rear  brake  actuator  commands  to  reduce  variations  between  the  brake  tor- 
ques  provided  by  the  rear  wheel  brakes. 
[0096]  The  routine  shown  runs  only  when  the  system  is  not  in  ABS  mode  and  corrects  for  torque  differences  during 

15  normal  braking.  When  any  wheel  on  the  road  surface  cannot  provide  the  braking  torque  requested  by  the  operator,  the 
system  goes  into  ABS  mode  and  the  routine  shown  in  Figure  1  1  is  not  run. 
[0097]  According  to  the  typical  braking  characteristics  of  an  automobile  wheel,  braking  torque  delivered  by  the  wheel 
corresponds  to  the  rate  of  deceleration  of  the  wheel  with  a  constant  relationship  from  a  range  of  zero  torque  until  the 
maximum  braking  torque  available  by  the  wheel  on  the  road  surface  is  approached.  Above  the  maximum  braking  torque 

20  available,  the  ABS  system  is  used  and  the  correlation  between  wheel  deceleration  rate  and  torque  delivered  no  longer 
holds  true. 
[0098]  During  normal  braking  (non-ABS),  wheel  speed  tracks  wheel  deceleration  rate  and,  therefore,  deceleration 
rate  can  be  monitored  by  monitoring  wheel  speed.  During  normal  non-braking  driving  conditions,  it  may  be  assumed 
that  right  and  left  wheel  speeds  are  equal.  When  the  brake  is  applied  and  the  wheels  slow  down  (and  the  system  is  not 

25  in  ABS),  wheel  speeds  tracks  wheel  speed  deceleration  rate.  Thus,  for  situations  in  which  the  braking  by  the  wheel  is 
not  approaching  the  maximum  braking  available  for  the  road  surface,  wheel  speed  can  be  used  as  an  indication  of 
wheel  braking  torque. 
[0099]  According  to  this  invention,  when  the  system  is  not  in  ABS,  and  therefore  the  braking  torque  for  the  rear  wheels 
is  not  approaching  the  maximum  value,  rear  variation  gains  are  controlled  as  shown  in  Figure  1  1  based  on  rear  wheel 

30  speed  to  maintain  the  rear  braking  torques  balanced. 
[0100]  The  routine  starts  at  block  670  and  moves  to  block  672  where  it  checks  to  see  if  this  is  the  first  loop  through 
this  routine  for  this  braking  cycle.  If  so,  the  routine  moves  to  block  674  where  the  various  variables  are  initialised.  The 
routine  continues  to  blocks  676  and  678  where  a  set  of  conditions  is  checked.  The  conditions  checked  include  whether 
the  command  REAR  DESIRED  TORQUE  is  greater  than  a  minimum  value,  under  which  the  rear  brakes  are  not  oper- 

35  ated.  An  example  minimum  value  may  be  120  ft-lbs  of  torque.  If  REAR  DESIRED  TORQUE  is  less  than  the  minimum 
value,  the  routine  is  exited  at  block  680. 
[0101]  The  test  at  blocks  676  and  678  also  determines  whether  or  not  the  vehicle  is  cornering.  The  determination  of 
whether  the  vehicle  is  cornering  may  be  implemented  by  any  one  of  a  number  of  known  ways,  including  the  cornering 
test  set  forth  in  United  States  Patent  No.  5,218,862,  assigned  to  the  assignees  of  this  invention.  If  the  test  determines 

40  that  the  vehicle  is  cornering,  the  routine  is  exited  at  block  680. 
[0102]  The  test  at  blocks  676  and  678  checks  the  ABS  flag.  If  the  system  is  in  ABS  mode,  then  the  routine  is  exited 
at  block  680. 
[0103]  The  test  at  blocks  676  and  678  includes  a  wheel  speed  signal  test.  If  any  of  the  wheel  speed  signals  vary  from 
the  other  wheel  speed  signals  by  more  than  a  predetermined  limit,  then  the  routine  is  exited  at  block  680.  Also,  if  the 

45  wheel  speed  signals  are  provided  by  circuitry  of  a  known  type  that  includes  diagnostics,  a  circuit  failure,  as  indicated  by 
the  diagnostic  function,  causes  the  routine  to  exit  at  block  680. 
[0104]  If  there  is  a  parking  brake  request,  or  if  the  vehicle  speed  is  below  a  minimum  threshold  (i.e.,  10  MPH),  the 
routine  is  exited  at  block  680.  If  the  system  is  in  enhanced  command  mode  (block  708,  Figure  7a),  then  the  routine  is 
exited  at  block  680.  If  one  of  the  rear  tires  has  a  low  pressure,  for  example,  as  determined  by  the  system  described  in 

so  the  above-mentioned  Patent  No.  5,218,862,  then  the  routine  is  exited  at  block  680.  Otherwise,  the  routine  continues  to 
block  682. 
[0105]  At  block  682  a  variable  ERROR  is  determined  equal  to  right  rear  wheel  speed  minus  left  rear  wheel  speed,  as 
sensed  by  the  rear  wheel  speed  sensors.  At  block  684,  a  variable  Y,  the  PID  control  output  for  the  corresponding  value 
of  ERROR,  is  calculated  in  a  known  manner  responsive  to  ERROR.  Determination  of  the  PID  control  output  values  can 

55  be  easily  achieved  by  one  skilled  in  the  art  in  accordance  with  standard  PID  control  techniques  and  equations  and  will 
vary  from  implementation  to  implementation  based  on,  the  type  of  actuator  used  and  the  desired  system  performance 
characteristics. 
[0106]  At  block  686,  if  Y  is  greater  than  zero,  the  routine  moves  to  block  688  where  a  variable  LRGAIN  (left  rear  gain) 
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is  set  equal  to  the  maximum  of  1  -  Y  or  a  minimum  gain  value  and  at  block  690,  the  variable  RRGAIN  (right  rear  gain) 
is  set  equal  to  1  .  If  Y  is  not  greater  than  zero  at  block  686,  the  routine  moves  to  block  692  where  RRGAIN  is  set  equal 
to  the  maximum  of  1  +  Y  or  the  minimum  gain  value  and  then  to  block  694  where  LRGAIN  is  set  equal  to  1  . 
[0107]  The  routine  then  continues  to  block  696  where  the  variable  RR  MOTOR  CURRENT  ACTUAL  is  set  equal  to 

5  RR  MOTOR  CURRENT  NOMINAL  *  RRGAIN.  At  block  698  the  variable  LR  MOTOR  CURRENT  ACTUAL  is  set  equal 
to  LR  MOTOR  CURRENT  NOMINAL  *  LRGAIN.  The  routine  is  then  exited  at  block  680. 
[0108]  Thus,  according  to  this  invention  as  set  forth  herein,  the  rear  wheel  speed  signals  provided  by  the  rear  wheel 
speed  sensors  are  used  to  control  the  gains  of  the  right  and  left  rear  brake  actuators  so  that  variations  of  the  brake  tor- 
ques  provided  by  the  right  and  left  rear  wheels  are  reduced.  To  reduce  the  braking  torque  variation  provided  by  the  two 

10  rear  wheels,  the  wheel  with  the  slower  rotational  speed  has  its  braking  reduced  until  both  rear  wheels  are  rotating  at  the 
same  speed. 
[0109]  Referring  now  to  Figures  12-17,  when  the  system  is  in  the  REHOME  state  638,  the  Home  Rear  Actuators  sub- 
routine  is  enabled  by  the  setting  of  an  appropriate  flag.  The  routine  starts  at  block  310,  where  it  checks  to  determine  if 
this  is  the  first  loop  through  the  routine  for  this  rehoming  cycle.  If  yes,  the  routine  moves  to  block  312  and  initialises  the 

15  variables.  The  remainder  of  the  routine  cycles  through  five  modes  of  rehoming. 
[01  10]  In  the  first  mode,  the  return  spring  in  the  electric  drum  brake  forces  each  brake  shoe  away  from  the  drum,  forc- 
ing  the  actuator  motor  to  turn  in  the  reverse  direction.  In  the  second  mode,  a  low  level  of  forward  direction  motor  current 
is  provided  to  slow  the  movement  of  the  spring  on  the  brake  shoes.  In  the  third  mode,  a  reverse  bump  current  is  applied 
to  the  motor  to  insure  that  the  motor  is  being  moved  in  the  reverse  direction  and  that  the  shoes  are  being  moved  away 

20  from  the  drum. 
[01  1  1  ]  In  the  fourth  mode,  the  actuator  is  slowly  retracted,  moving  the  brake  shoes  away  from  the  drum  until  the  actu- 
ator  is  stopped  by  a  mechanical  stop.  During  this  time,  the  system  keeps  track  of  the  total  work  required  to  move  the 
brake  shoes  back.  This  measure  of  total  work  is  an  indication  of  the  distance  between  the  brake  shoes  and  the  drums 
and  varies  with  brake  wear,  since,  as  the  shoe  linings  wear,  they  are  less  thick  and  the  brake  shoes  must  be  moved  far- 

25  ther  forward  to  brake  against  the  brake  drum. 
[0112]  In  mode  5,  a  motor  voltage  is  applied  in  the  forward  direction  for  a  time  period  determined  by  the  total  work 
calculated  in  mode  four  to  move  the  brake  shoes  to  within  a  predetermined  distance  from  the  brake  drum  to  ready  the 
brakes  for  the  next  braking  cycle.  Thus,  advantageously,  according  to  this  invention,  brake  wear  is  automatically  com- 
pensated  for  and  does  not  affect  the  distance  of  the  shoes  from  the  brake  drum  after  the  brakes  are  rehomed  and  does 

30  not  introduce  time  variables  into  rear  braking  performance  due  to  brake  lining  wear. 
[0113]  Blocks  314-332  illustrate  the  cycling  of  the  routine  through  each  mode.  Each  mode  cannot  be  entered  unless 
the  previous  mode  is  completed.  Each  of  the  modes  1  ,  2,  3,  4  and  5  is  illustrated  in  Figures  13-1  8b. 
[0114]  More  particularly,  mode  1,  illustrated  in  Figure  13,  starts  at  block  338,  where  it  sets  the  brake  motor  current 
commands  to  zero.  Block  340  checks  to  determine  if  the  rehoming  cycle  is  caused  by  a  park  brake  release  command. 

35  This  check  is  implemented  because  the  mode  1  execution  time  is  different  for  normal  brake  rehoming  than  for  rehoming 
after  park  brake  apply. 
[0115]  In  normal  brake  rehoming,  the  routine  moves  to  block  342  and  compares  a  variable  MODE1  TIME,  represent- 
ative  of  the  execution  time  of  mode  1  ,  to  a  predetermined  time  limit  for  a  normal  braking  mode  1  cycle.  This  predeter- 
mined  time  limit  may  be,  for  example,  72  milliseconds.  If  mode  1  has  not  been  executed  for  the  predetermined  time 

40  period  at  block  342,  the  routine  is  exited.  With  each  loop  of  the  control  program,  the  system  returns  to  mode  1  until 
MODE1  TIME  equals  the  predetermined  time  limit.  If  mode  1  has  been  executed  for  the  predetermined  time  period,  the 
routine  moves  to  block  346  where  an  END  MODE  1  execution  flag  is  set  and  to  block  348  where  mode  1  is  exited. 
[0116]  If  the  system  is  rehoming  after  a  parking  brake  release  command,  the  system  moves  to  block  344  and  com- 
pares  the  MODE1  TIME  to  a  second  predetermined  time  period,  which  corresponds  to  a  park  brake  release  mode  1 

45  cycle  time.  If  mode  1  execution  time  is  less  than  the  second  predetermined  time  period,  the  routine  is  exited  at  block 
348  and  with  each  loop  of  the  control  program,  the  system  returns  to  mode  1  until  MODE1  TIME  equals  the  second 
predetermined  time  period.  Once  mode  1  has  been  executed  for  the  predetermined  time  period,  the  routine  continues 
to  block  346  where  the  END  MODE  1  execution  flag  is  set  and  then  exits  at  block  348. 
[01  1  7]  After  execution  of  rehoming  mode  1  ,  the  system  enters  rehoming  mode  2,  shown  in  Figure  1  4.  Starting  at  block 

so  350,  mode  2  sets  the  brake  actuator  motor  current  to  a  very  low  forward  level,  i.e.,  1  .2  Amps.  This  very  low  level  forward 
direction  current  operates  to  slow  the  spring  operation  on  the  actuator  motor  so  that  the  brake  shoes  retract  at  a  prede- 
termined  rate.  Block  352  checks  to  determine  if  this  is  a  normal  braking  rehoming  or  a  park  brake  release  rehoming. 
For  a  normal  rehoming,  the  routine  moves  to  block  354  where  it  compares  mode  2  execution  time  to  a  first  predeter- 
mined  time  period  (i.e.,  64  ms).  If  mode  2  has  not  been  executed  for  the  first  predetermined  time  period,  the  routine  is 

55  exited  at  block  360.  With  each  loop  through  the  control  program,  the  system  remains  in  mode  2  until  the  mode  2  has 
been  executed  for  the  predetermined  time  period.  Once  mode  2  has  been  executed  for  the  predetermined  time  period, 
the  routine  continues  to  block  358  where  the  END  MODE  2  execution  flag  is  set  and  exits  at  block  360. 
[0118]  For  a  parking  brake  release  rehoming,  block  356  compares  the  mode  2  execution  time  to  a  second  predeter- 
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mined  time  period  for  mode  2  execution  during  park  brake  release  rehoming  (i.e.,  80  ms).  If  mode  2  has  not  been  exe- 
cuted  for  the  second  mode  2  predetermined  time  period,  the  routine  is  exited  at  block  360.  With  each  loop  through  the 
control  program,  the  system  remains  in  mode  2  until  mode  2  has  been  executed  for  the  second  mode  2  predetermined 
time  period.  Once  mode  2  has  been  executed  for  the  second  predetermined  time  period,  the  END  MODE  2  execution 

5  flag  is  set  at  block  358  and  mode  2  is  exited  at  block  360. 
[0119]  With  the  END  MODE  2  execution  flag  set,  the  routine  continues  to  mode  3,  illustrated  in  Figure  15.  In  mode  3, 
block  362  sets  the  motor  current  to  a  mode  3  current  level,  which  is  bump  current  (i.e.,  4.0  Amps)  that  drives  the  actu- 
ator  motor  in  the  reverse  direction  for  a  predetermined  mode  3  time  period  (i.e.,  72  ms),  which  is  checked  at  block  364. 
If  the  mode  3  current  has  not  been  applied  for  the  mode  3  time,  the  routine  is  exited  at  block  368  and  continued  on  the 

10  next  loop  of  the  control  program.  If  mode  3  has  been  executed  for  the  predetermined  mode  3  time,  the  END  MODE  3 
flag  is  set  at  block  366  and  the  routine  is  exited  at  block  368. 
[0120]  The  reverse  current  bump  applied  in  mode  3  insures  that  the  motor  keeps  moving  in  the  reverse  direction  and 
overcomes  mechanical  effects,  such  as  friction,  which  could  stall  the  motor. 
[0121]  When  the  END  MODE  3  execution  flag  is  set,  the  system  continues  to  mode  4,  illustrated  in  Figures  16a  and 

15  16b.  Mode  4  begins  at  block  370,  where  the  routine  first  checks  to  determine  if  mode  4  has  been  executed  for  longer 
than  a  mode  4  maximum  time  period  (i.e.,  4  seconds).  If  the  system  has  been  in  mode  4  for  longer  than  the  mode  4 
maximum  time  period,  there  may  be  an  error  in  the  brake  system  and  the  routine  continues  to  block  372  where  a 
FAILED  status  flag  is  set.  The  routine  then  continues  to  block  374  where  END  MODE  4  and  END  MODE  5  flags  are  set 
and  exits  at  block  402. 

20  [0122]  If  mode  4  has  not  been  executed  for  the  mode  4  maximum  time  period,  the  routine  continues  to  block  376 
where  it  compares  the  measured  motor  feedback  current  to  a  stop  level.  The  rear  electric  drum  brake  in  the  above  men- 
tioned  U.S.  Patent  Nos.  is  modified  to  include  a  mechanical  stop  that  limits  retraction  (opening)  of  the  brake  shoes  to  a 
predetermined  maximum-opened  position.  One  skilled  in  the  art  can  easily  modify  the  electric  drum  brake  to  include 
such  a  mechanical  stop.  When  the  brake  shoes  are  retracted  and  stop  at  the  mechanical  stop,  the  motor  current  rises 

25  since  the  motor  is  no  longer  able  to  rotate.  The  level  the  motor  current  rises  to  will  be  greater  than  the  stop  level  pro- 
grammed  in  the  computer  memory  and  will  vary  from  implementation  to  implementation.  This  rise  in  motor  current  is 
sensed  at  block  376. 
[0123]  If  the  motor  has  not  yet  reached  the  stop,  the  routine  continues  to  block  382  where  the  motor  voltage  is  set  to 
the  feedback  current  multiplied  by  conversion  factor  for  converting  the  sensed  current  to  a  voltage  and  summed  with  a 

30  voltage  offset.  In  this  manner,  an  incremental  voltage  is  added  with  each  loop  through  the  program  to  keep  the  motor 
moving.  At  block  386,  the  total  work  for  retracting  the  brake  pads  is  set  equal  to  the  previous  total  work  value  plus  the 
motor  voltage  computed  at  block  382.  The  routine  is  then  exited  at  block  402. 
[0124]  The  routine  continues  through  blocks  382  and  386  until  the  brake  is  retracted  to  the  stop.  Once  the  stop  is 
encountered  and  the  current  rises  and  is  sensed  at  block  376,  the  routine  moves  to  block  378  where  a  stop  counter  is 

35  incremented.  At  block  380  the  stop  counter  is  compared  to  its  time  out  value  (i.e.,  48  ms).  If  the  stop  counter  has  not 
yet  reached  its  timed  out  value,  then  the  motor  current  is  still  applied  and  the  total  work  is  still  kept  track  of  at  blocks  382 
and  386. 
[0125]  Once  the  stop  counter  times  out,  the  routine  continues  to  block  384  where  the  mode  5  time  is  determined 
responsive  to  the  total  work  kept  track  of  at  block  386  according  to  the  equation: 

40 
MODE  5  TIME  =  ((TOTAL  WORK)/(MODE  5  VOLTAGE))  -  MODE  5  OFFSET, 

where  MODE  5  VOLTAGE  is  the  forward  motor  voltage  that  will  be  applied  in  mode  5  and  MODE  5  OFFSET  is  a  value 
used  to  establish  the  maximum  clearance  between  the  drum  and  shoes  of  the  brake.  At  block  388,  an  END  MODE  4 

45  execution  flag  is  set  and  at  block  400  an  ACTUATOR  AT  STOP  flag  is  set.  The  routine  then  exits  at  block  402. 
[0126]  With  the  END  MODE  4  execution  flag  set,  the  system  continues  to  mode  5.  Mode  5,  shown  in  Figure  17,  starts 
at  block  404  where  the  motor  voltage  is  set  to  a  mode  5  voltage  level  (i.e.,  6  volts).  This  mode  5  voltage  level  is  a  rela- 
tively  low  voltage  designed  to  move  the  motor  and  brake  actuator  in  the  forward  direction,  moving  the  brake  pads  to  the 
rehomed  position,  which  is  a  predetermined  distance  from  the  brake  drums.  Block  406  compares  the  execution  time  of 

so  mode  5  to  the  time  period  (MODE  5  TIME)  determined  at  block  384  in  Figure  16,  mode  4.  Thus,  the  mode  5  execution 
time  period  is  determined  by  the  amount  of  work  necessary  to  retract  the  brakes  and  thereby  compensates  for  reduc- 
tions  in  the  thickness  of  the  brake  shoe  lining  due  to  ageing. 
[0127]  Once  mode  5  cycles  for  the  time  period  determined  at  block  384  of  Figure  16,  the  routine  continues  to  block 
408,  where  an  END  MODE  5  execution  flag  is  set.  Block  41  0  then  sets  a  REHOME  DONE  flag,  the  routine  is  then  exited 

55  at  block  412,  and  the  Home  Rear  Actuators  subroutine  is  exited  at  block  334,  Figure  1  2. 
[0128]  Referring  now  to  Figures  5a,  5b,  18a  and  18b,  if  the  system  is  in  the  REGULATION  state  and  the  parking  brake 
is  activated,  the  latch  control  system  enters  LATCHING  state  644  and  if  the  system  is  in  IDLE  LATCHED  state  632  and 
the  parking  brake  is  deactivated,  the  latch  control  system  enters  the  UNLATCHING  state  646.  Either  of  these  occur- 
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rences  activates  the  parking  brake  subroutine  shown  in  Figures  18a  and  18b. 
[0129]  Starting  at  block  420,  the  routine  checks  to  determine  if  a  park  brake  request  has  been  made.  If  not,  the  routine 
moves  to  block  422  and  checks  to  determine  if  the  parking  brake  is  latched.  If  not,  the  routine  is  exited  at  block  490. 
[0130]  If  the  parking  brake  is  not  requested  at  block  420,  but  the  parking  brake  is  latched  at  block  422,  the  routine 

5  continues  to  the  steps  starting  at  block  424,  which  unlatch  the  parking  brake.  Block  424  checks  to  determine  if  this  is 
the  first  loop  through  the  unlatched  operation.  If  yes,  the  two  timers  ACTIVE  and  STALL  are  reset  at  block  426.  The  rou- 
tine  then  continues  to  block  430  where  a  flag  is  set  to  send  the  system  into  rehome  after  the  parking  brake  is  unlatched. 
[0131]  At  block  432,  the  brake  latch  current  is  set  to  the  release  current  level  and  at  block  438,  the  time  ACTIVE  is 
incremented.  If  the  release  current  is  applied  for  a  time  greater  than  a  predetermined  maximum  release  current  apply 

10  time,  which  is  checked  at  block  444,  the  system  may  have  an  error  and  block  446  sets  a  FAILED  DISABLE  LATCH  flag. 
Then  at  block  448,  an  UNLATCHED  flag  is  set  and  the  system  is  exited  at  block  490. 
[0132]  If,  at  block  444,  the  timer  ACTIVE  has  not  timed  out,  block  454  compares  the  latch  current  to  a  minimum  level. 
If  the  latch  current  is  not  greater  than  a  minimum  level,  the  routine  exits  at  block  490.  The  minimum  level  is  a  threshold 
current  that  the  latch  current  rises  above  when  it  stalls,  presumably  after  unlatching  the  brake.  If  the  latch  current  is 

15  greater  than  the  minimum  level,  the  timer  STALL  is  incremented  at  block  458  and,  at  block  460,  the  timer  STALL  is  com- 
pared  to  its  predetermined  timed  out  value.  If  the  timer  STALL  has  not  yet  timed  out,  the  routine  exits  at  block  490  and 
returns  to  this  mode  with  each  loop  through  the  main  control  routine.  If  the  timer  STALL  has  timed  out,  the  routine  con- 
tinues  to  block  464  where  the  latch  current  is  set  to  zero  and  then  to  block  470  where  the  UNLATCHED  flat  is  set.  The 
routine  then  exits  at  block  490. 

20  [0133]  If,  at  block  420,  the  parking  brake  is  requested,  block  428  determines  whether  the  parking  brake  is  latched.  If 
the  parking  brake  is  latched,  the  routine  exits  at  block  490. 
[0134]  If  the  parking  brake  is  not  latched,  the  routine  continues  to  block  434  where  it  determines  if  the  vehicle  is  mov- 
ing.  If  the  vehicle  is  moving,  it  is  assumed  that  the  parking  brake  request  is  made  because  the  vehicle  operator  wants 
to  implement  maximum  braking  from  the  rear  wheels.  At  block  436,  the  command  REAR  DESIRED  TORQUE  is 

25  updated  equal  to  the  previous  rear  desired  torque  command  plus  a  dynamic  increment.  In  this  manner,  the  rear  braking 
will  ramp-up  when  the  parking  brake  is  requested  until  its  maximum  level,  which,  in  the  event  of  an  ABS  system,  will 
send  the  system  into  ABS  mode  due  to  a  detected  wheel  slip.  In  the  event  that  the  system  does  not  implement  ABS, 
the  rear  desired  torque  command  is  ramped  up  until  the  rear  wheels  lock  up.  After  block  436,  the  routine  exits  at  block 
490. 

30  [0135]  If,  at  block  434,  it  is  determined  that  the  vehicle  is  not  moving,  block  440  sets  the  command  rear  desired  torque 
equal  to  the  previous  rear  desired  torque  command  plus  a  static  increment  (i.e.,  15  ft.-lbs  every  8  ms).  In  this  manner, 
block  440  quickly  ramps-up  the  rear  brake  command  when  the  park  brake  is  depressed  (i.e.,  at  a  rate  of  1  800  ft.-lbs./s). 
Block  442  converts  the  rear  desired  torque  command  to  a  motor  current  command  by  multiplying  the  rear  desired 
torque  command  by  a  system  constant.  If  desired,  block  442  may  also  add  other  functions  to  the  current  command  such 

35  as  adding  or  subtracting  a  proper  hysteresis  offset  and  adding  a  dither  to  the  motor  current  command  to  ensure  that 
friction  in  the  mechanical  system  does  not  lock-up  the  motor. 
[0136]  At  block  450,  the  motor  current  is  compared  to  a  predetermined  value  indicative  that  the  motor  has  stopped 
moving  and  that  the  rear  brakes  are  fully  applied.  If  the  rear  motor  current  is  greater  than  this  predetermined  value,  the 
routine  moves  to  block  452  where  a  timer  MAX  is  incremented.  Block  456  then  compares  the  value  of  MAX  to  its  pre- 

40  determined  maximum  value.  If  MAX  has  not  yet  reached  its  predetermined  maximum  value,  the  routine  exits  at  block 
490.  If  the  MAX  has  reached  its  predetermined  maximum  value,  the  routine  continues  to  block  462.  In  an  example 
implementation,  if  the  sensed  rear  motor  current  rises  over  11  amps  for  .1  second,  then  it  is  assumed  that  the  rear 
brakes  are  fully  applied,  and  the  routine  can  continue  to  block  462  where  the  latched  current  command  is  set  to  apply. 
[0137]  At  block  468,  the  timer  ACTIVE  is  incremented  and  at  block  472  is  compared  to  its  maximum  value.  If  the  timer 

45  ACTIVE  has  timed  out,  it  is  assumed  there  is  a  system  failure  and  block  474  sets  a  FAILED  DISABLE  LATCH  flag.  Block 
478  then  sets  the  latch  flag  to  LATCHED  and  the  system  exits  at  block  490. 
[0138]  If  at  block  472  the  active  timer  has  not  timed  out,  block  480  compares  the  latch  current  to  its  minimum  value 
indicative  of  latch  stall.  When  the  latch  current  rises  above  a  minimum  value  indicative  of  a  stall,  the  routine  continues 
to  block  482  where  a  timer  STALL  is  incremented  and  then  to  block  484  where  the  timer  STALL  is  compared  to  its  timed 

so  out  value.  If  the  timer  STALL  has  not  timed  out,  the  routine  exits  at  block  490  and  maintains  the  latch  current  at  its  apply 
level  until  the  timer  STALL  times  out.  When  the  timer  STALL  times  out,  the  routine  continues  to  block  486  where  the 
latch  current  is  set  to  zero  and  then  to  block  488  where  the  latch  flag  is  set  to  LATCHED.  The  routine  then  exits  at  block 
490. 
[0139]  The  above  described  implementation  of  this  invention  is  an  example  implementation  and  is  not  limiting  on  the 

55  scope  of  this  invention.  Moreover,  various  other  improvements  and  modifications  to  this  invention  may  occur  to  those 
skilled  in  the  art  and  those  improvements  and  modifications  will  fall  within  the  scope  of  this  invention  as  set  forth  below. 

14 
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Claims 

1.  A  brake  system  control  method  for  use  in  a  vehicle  brake  system  that  performs  the  steps  of  (i)  receiving  a  brake 
command  (244),  (ii)  applying  right  and  left  brake  torque  commands  to  right  and  left  wheel  brakes  (223),  (iii)  moni- 
toring  right  and  left  wheel  rotational  speeds  to  provide  right  and  left  wheel  rotational  speed  signals  (682),  charac- 
terized  by  the  steps  of,  during  non-ABS  operation:  (iv)  continuously  comparing  the  right  and  left  wheel  speed 
signals  (682);  (v)  determining  a  closed  loop  gain  responsive  to  the  comparison  (688,  692);  and  (vi)  adjusting  at 
least  one  of  the  right  and  left  brake  torque  commands  responsive  to  the  closed  loop  gain  to  reduce  variations  in 
braking  torques  delivered  by  the  right  and  left  wheels  (688,  692). 

Patentanspruche 

1.  Verfahren  zum  Steuern  eines  Bremssystems  zur  Verwendung  in  einem  Fahrzeugbremssystem,  das  die  Schritte 
ausfiihrt,  daB  (i)  ein  Bremsbefehl  empfangen  wird  (244),  (ii)  rechte  und  linke  Bremsdrehmomentbefehle  an  rechte 
und  linke  Radbremsen  angelegt  werden  (223)  und  (iii)  rechte  und  linke  Raddrehzahlen  iiberwacht  werden,  urn 
rechte  und  linke  Raddrehzahlsignale  zu  bilden  (682),  gekennzeichnet  durch  die  Schritte,  daB,  wahrend  eines 
Betriebes  ohne  ABS:  (iv)  die  rechten  und  linken  Raddrehzahlsignale  kontinuierlich  verglichen  werden  (682),  (v) 
eine  Regelkreisverstarkung  in  Abhangigkeit  von  dem  Vergleich  bestimmtwird  (688,  692)  und  (vi)  mindestens  einer 
der  rechten  und  linken  Bremsdrehmomentbefehle  in  Abhangigkeit  von  der  Regelkreisverstarkung  eingestellt  wird, 
urn  Schwankungen  der  Bremsdrehmomente  zu  verringern,  die  von  den  rechten  und  linken  Radern  geliefert  werden 
(688,  692). 

Revendications 

1  .  Procede  de  commande  d'un  systeme  de  freinage  destine  a  etre  utilise  dans  un  systeme  de  freinage  d'un  vehicule, 
qui  execute  les  etapes  consistant  a  (i)  recevoir  une  commande  de  freinage  (241),  (ii)  appliquer  des  commandes  de 
couple  de  freinage  de  droite  et  de  gauche  aux  freins  de  roues  droit  et  gauche  (223),  (iii)  controler  les  vitesses  de 
rotation  des  roues  droite  et  gauche  pour  la  delivrance  de  signaux  de  rotation  des  roues  droite  et  gauche  (682), 
caracterise  par  les  etapes  consistant  a,  pendant  un  fonctionnement  sans  fonction  ABS  :  (iv)  comparer  continument 
les  signaux  de  vitesse  des  roues  droite  et  gauche  (682)  ;  (v)  determiner  un  gain  de  boucle  fermee  en  reponse  a  la 
comparaison  (688,692)  ;  et  (vi)  regler  au  moins  I'une  des  commandes  du  couple  de  freinage  de  droite  et  de  gauche 
en  reponse  au  gain  de  boucle  fermee  pour  reduire  des  variations  du  couple  de  freinage  delivrees  par  les  roues 
droite  et  gauche  (688,  692). 
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