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©  Four  speed  ratio  transaxle  having  disengageable  overrunning  brake  for  reverse  drive  gearset 
reaction. 
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©  A  transaxle  for  use  in  an  automotive  vehicle 
driveline  include  a  torque  converter  (10)  and  a  com- 
pound  planetary  gear  system  having  two  simple 
planetary  gear  units  adapted  to  provide  four  forward 
driving  torque  delivery  paths,  the  highest  speed  ratio 
torque  delivery  path  being  an  overdrive,  the  axis  of 
the  converter  (10)  being  located  on  the  crankshaft 
axis  (15)  of  the  vehicle  engine  and  the  torque  output 
shaft  axis  (34,35)  being  parallel  to  the  converter  axis. 
Clutches  and  brakes  including  overrunning  clutches 
and  friction  clutches  in  series  relationship.  A  disen- 
gageable  overrunning  brake  (92)  provides  a  reverse 
drive  reaction  force  for  the  gearset.  A  mircoproces- 
sor  (110)  produces  a  control  signal  when  operation 
in  reverse  drive  is  desired.  The  signal  produces  a 
responsive  actuation  force  applied  to  the  disen- 
gageable  brake  (92)  causing  the  brake  to  connect  a 
gearset  member  to  the  transmission  casing. 
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BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

This  invention  relates  to  planetary  gearing, 
clutches  and  brakes  of  an  automatic  transmission 
for  a  motor  vehicle.  More  particularly,  the  invention 
pertains  to  a  disengageable  one-way  brake  for 
reacting  gearset  forces  produced  in  reverse  drive 
and  a  control  system  for  actuating  the  brake  se- 
quentially  with  other  elements  whose  selective  en- 
gagement  and  release  produce  desired  speed  ra- 
tios. 

2.  Description  of  the  Prior  Art 

This  invention  comprises  improvements  in  a 
four  speed  ratio  power  transmission  mechanism  of 
the  kind  described  in  U.S.  Patent  No.  4,509,389, 
issued  April  9,  1985,  titled  "Four  Speed  Ratio  Tran- 
saxle  with  Overdrive,"  and  U.S.  Patent  4,360,649, 
issued  January  18,  1983,  titled  "Automatic  Tran- 
saxle  Driveline  Having  Four  Forward  Driving  Ratios 
and  a  Single  Reverse  Ratio".  These  patents  are 
assigned  to  the  assignee  of  this  invention. 

The  '389  patent  discloses  a  hydrokinetic  torque 
converter  located  on  the  axis  of  the  crankshaft  of 
an  internal  combustion  engine  and  two  simple  plan- 
etary  gear  units  mounted  for  rotation  about  the  axis 
of  a  driven  shaft,  which  extends  parallel  to  the 
crankshaft  axis  and  concentrically  through  the  gear- 
ing.  The  torque  output  element  of  the  torque  con- 
verter,  which  is  the  turbine  shaft  of  the  bladed 
turbine,  is  connected  driveably  to  the  gearing  by  to 
a  drive  sprocket  and  a  chain.  Clutches  and  brakes 
are  used  to  establish  and  disestablish  four  forward 
driving  ratios  as  well  as  a  reverse  drive  ratio. 

A  first  overrunning  coupling  and  a  first  friction 
clutch  are  used  to  establish  a  driving  connection 
between  an  input  sun  gear  of  the  gearing  and  the 
driven  sprocket.  A  second  overrunning  coupling 
and  a  second  friction  clutch  located  in  series  rela- 
tionship  connect  the  sun  gear  to  the  driven  sprock- 
et.  The  first  friction  clutch  and  the  second  friction 
clutch  each  are  provided  with  fluid  pressure  op- 
erated  servos  that  comprise  an  annular  cylinder 
and  a  cooperating  annular  piston,  which  define 
pressure  chambers  that  rotate  about  the  axis  of  the 
gearing.  When  the  chambers  are  pressurized,  the 
pistons  engage  friction  discs  to  establish  a  driving 
connection  between  the  outer  race  of  the  compan- 
ion  overrunning  coupling  and  the  common  rotary 
portions  of  the  clutch  cylinders. 

U.S.  Patent  4,919,012  describes  a  pilot-oper- 
ated  solenoid  valve  in  a  pressure  regulation  hy- 
draulic  system  used  to  control  and  actuate  a  plane- 
tary  gearset.  The  reverse  reaction  is  provided  by  a 
conventional  hydraulically-actuated  friction  brake. 

U.S.  Patent  3,054,488  describes  an  overrun- 
ning  coupling  that  is  engaged  and  released  selec- 
tively  to  accommodate  free-wheeling  in  either  di- 
rection  and  to  prevent  relative  rotation  between  the 

5  coupling  races  in  one  direction.  Rollers  are  urged 
into  clutching  engagement  with  inner  and  outer 
races  or  into  a  clutch  release  position  by  fluid 
pressure. 

w  SUMMARY  OF  THE  INVENTION 

Currently,  multiple-disc  hydraulically  actuated 
grounding  clutches  or  brakes,  or  double-wrap  fric- 
tion  bands  are  used  to  provide  a  gearset  reaction 

75  for  reverse  drive  in  automatic  transmissions.  These 
components,  however,  have  inherent  frictional  drag 
losses  that  reduce  driveline  efficiency  and  impair 
fuel  economy. 

In  a  conventional  friction  brake,  hydraulic  drag 
20  losses  are  caused  by  rotation  of  friction  discs 

through  transmission  fluid  present  in  the  brake  and 
inertia  required  to  rotate  the  discs  during  forward 
drive  conditions  while  the  brake  is  disengaged. 

It  is  an  object  of  this  invention  to  provide  an 
25  automatic  transmission  that  eliminates  operating 

losses  associated  with  a  clutch  or  brake  that  holds 
a  gearset  component  against  rotation  while  produc- 
ing  a  reverse  drive  reaction. 

The  transmission  of  this  invention  realizes 
30  these  objectives  by  providing  a  reverse  drive  gear- 

set  reaction  on  the  transmission  casing  through  a 
disengageable  one-way  brake  that  is  engaged  in 
reverse  drive.  During  forward  drive  conditions  the 
brake  is  disengaged  by  an  actuation  system  that 

35  responds  to  a  control  system  electrical  output  sig- 
nal. 

The  one-way  reverse  reaction  brake  includes 
an  inner  cylindrical  race  and  an  outer  race  fixed  to 
the  casing.  A  set  of  angularly  spaced  rollers,  lo- 

40  cated  between  the  race  and  cam  driveably  con- 
nects  the  race  to  the  casing  when  the  race  turns  in 
its  reverse  drive  direction.  A  roller  cage,  surround- 
ing  the  inner  race,  holds  the  rollers  in  position, 
supports  a  compression  spring  biasing  the  rollers 

45  toward  their  engaged  position,  and  defines  surfaces 
adjacent  the  rollers.  When  the  brake  is  to  be  dis- 
engaged,  the  cage  is  rotated  such  that  the  rollers 
are  forced  due  to  contact  with  the  cage  away  from 
contact  with  the  inner  race  and  outer  cam. 

50 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  shows  in  schematic  form  torque  deliv- 
ery  elements  including  planetary  gearing  for  a  pre- 

ss  ferred  embodiment  of  our  invention. 
Figure  2  is  a  chart  that  shows  the  pattern  of 

engagement  and  release  of  the  clutches  and 
brakes  to  establish  the  various  forward  driving  ra- 
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tios  and  the  reverse  ratio  for  the  transmission 
mechanism  of  Figure  1. 

Figures  3  and  4  are  cross  sections  taken 
through  a  typical  angular  portion  of  a  overrunning 
roller  clutch  used  to  produce  a  reverse  drive  gear- 
set  reaction. 

Figure  5  is  a  top  view  of  the  cage  assembly  of 
Figures  3  and  4. 

Figure  6A  shows  schematically  the  sensors,  a 
microprocessor,  its  memory,  output  conditioning 
circuits  and  output  signals  for  controlling  the  gear 
ratio  changes  of  the  transmission  of  Figure  1  . 

Figure  6B  shows  schematically  a  hydraulic 
valve  body  that  actuates  the  friction  elements  that 
control  operation  of  the  transmission  of  Figure  1  . 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENT 

In  Figure  1,  numeral  10  designates  a 
hydrokinetic  torque  converter.  Numeral  12  desig- 
nates  a  double  planetary  gear  unit  and  numeral  14 
designates  a  differential  gear  unit  for  transferring 
output  torque  from  the  gearing  to  the  axle  shafts 
34,35. 

The  crankshaft  of  an  internal  combustion  en- 
gine  (not  shown)  has  a  crankshaft  axis  15,  which  is 
connected  to  impeller  16  of  the  torque  converter 
10.  A  bladed  turbine  18  and  a  bladed  stator  20 
together  with  the  impeller  16  define  a  toroidal  fluid 
flow  circuit.  The  stator  20  is  supported  on  a  station- 
ary  stator  sleeve  shaft  22  and  an  overrunning  brake 
24  anchors  the  stator  to  the  shaft  22  to  prevent 
rotation  of  the  stator  20  in  a  direction  opposite  to 
the  direction  of  rotation  of  the  impeller,  although 
free-wheeling  motion  in  the  opposite  direction  is 
permitted. 

Turbine  18  is  connected  to  turbine  sleeve  shaft 
26,  which  drives  a  torque  input  sprocket  28.  The 
sprocket  wheel  28  is  part  of  a  torque  transfer  drive 
that  includes  also  drive  chain  30  and  driven  sprock- 
et  wheel  32.  Sprocket  wheel  32  is  mounted  for 
rotation  about  torque  input  sleeve  shaft  72,  which  is 
concentric  with  the  axis  of  axle  shaft  34. 

Planetary  gearing  12  includes  two  simple  plan- 
etary  gear  units  comprising  a  first  gear  unit  having 
sun  gear  36,  ring  gear  38,  carrier  40  and  planetary 
pinions  42  supported  by  carrier  40  in  meshing 
engagement  with  sun  gear  36  and  ring  gear  38. 
Gearing  12  includes  also  a  second  gear  unit  having 
a  sun  gear  44,  a  ring  gear  46,  carrier  48  and  planet 
pinions  50  rotatably  supported  on  carrier  48  in 
meshing  engagement  with  sun  gear  44  and  ring 
gear  46.  Carrier  40  is  connected  to  ring  gear  46, 
and  ring  gear  38  is  connected  to  carrier  48  and  to 
torque  output  shaft  52.  Torque  output  shaft  52  is 
connected  to  sun  gear  54  of  final  drive  gearing, 
which  includes  a  planetary  gear  unit  56  and  the 

differential  gear  unit  14.  Gear  unit  56  includes,  in 
addition  to  the  sun  gear  54,  a  fixed  ring  gear  58,  a 
carrier  60  and  planet  pinions  62  rotatably  sup- 
ported  on  the  carrier  60  in  engagement  with  sun 

5  gear  54  and  ring  gear  58.  Carrier  60  is  connected 
to  the  carrier  or  spindle  of  the  differential  gearing 
14.  This  differential  gearing  has  differential  pinions 
64  and  66,  which  mesh  with  differential  side  gears 
68  and  70.  Side  gear  68  is  connected  driveably  to 

io  axle  shaft  34,  and  side  gear  70  is  connected  to 
axle  shaft  35. 

Driven  sprocket  32  is  connected  to  sleeve  shaft 
72,  which  extends  to  the  input  side  of  a  forward 
drive  friction  clutch  74.  This  clutch  carries  also  the 

is  symbols  CL1.  The  output  side  of  the  clutch  74  is 
connected  to  the  outer  race  76  of  an  overrunning 
clutch  78,  which  carries  also  the  symbol  OWC1. 
The  inner  race  80  of  the  clutch  78  is  connected  to 
sun  gear  36  and  to  the  inner  race  82  of  a  second 

20  overrunning  clutch  84.  Overrunning  clutch  84  car- 
ries  also  the  symbol  OWC2. 

The  outer  race  86  of  the  overrunning  coupling 
84  is  connected  to  one  side  of  friction  clutch  88, 
which  is  engaged  to  establish  direct  drive.  Clutch 

25  88  carries  also  the  symbol  CL3.  The  other  side  of 
the  clutch  88  is  connected  to  the  input  side  of 
friction  clutch  90,  which  is  engaged  during  inter- 
mediate  speed  operation.  The  other  side  of  the 
clutch  90  is  connected  to  the  carrier  40. 

30  Carrier  40  is  adapted  to  be  braked  during  re- 
verse  drive  operation  by  a  one-way  or  overrunning 
brake  92.  This  brake  is  a  roller-type  disengageable 
brake  having  an  outer  cam  100  secured  to  the 
transmission  case  and  an  inner  race  101  secured 

35  to  the  overdrive-reverse  carrier  102.  It  carries  the 
symbol  CL4. 

Sun  gear  36  is  adapted  to  be  braked  during 
fourth  speed  ratio  operation,  an  overdrive  ratio,  by 
a  brake  band  94,  which  surrounds  a  brake  drum 

40  driveably  connected  to  the  overrunning  coupling 
race  80  and  sun  gear  36.  In  Figure  1,  brake  band 
94  carries  also  the  symbol  B1-OD. 

Sun  gear  44  is  connected  to  a  brake  drum, 
adapted  to  be  braked  during  low  speed  ratio  opera- 

45  tion,  an  intermediate  speed  ratio,  by  brake  band 
96.  This  brake  band  carries  also  the  symbol  B2. 
Both  brake  band  94  and  brake  band  96  are  op- 
erated  by  fluid  pressure  operated  brake  servos,  not 
shown. 

50  The  converter  assembly  includes  a  lockup 
clutch  98  located  within  the  torque  converter  and 
impeller  housing.  The  torque  output  side  of  the 
lockup  clutch  98  has  a  damper  99  situated  between 
the  impeller  and  the  turbine  sleeve  shaft  26  so  that 

55  engagement  of  the  lockup  clutch  will  not  be  ac- 
companied  by  harshness  due  to  transitional  torque 
fluctuations. 

Figures  3  and  4  show  the  components  of  the 

3 
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disengageable  one-way  brake  92  in  their  engaged 
and  disengaged  positions,  respectively.  Outer  cam 
100  has  an  inner  surface  103  adapted  for  contact 
by  rollers  104,  several  such  rollers  being  mutually 
spaced  angularly  about  the  central  longitudinal  axis 
C  of  the  brake.  The  inner  race  101  has  an  outer 
cylindrical  surface  also  adapted  for  contact  with  the 
rollers  104. 

The  rollers  are  held  in  position  in  a  cage  105 
having  longitudinally  directed  fingers  106  mutually 
spaced  about  the  axis  of  the  brake.  The  fingers  are 
joined  together  at  their  ends  by  hoop  members 
107.  Compression  springs  109,  supported  in  each 
aperture  and  located  between  adjacent  fingers,  bias 
the  rollers  into  contact  with  surface  103  and  permit 
the  rollers  to  separate  from  the  cylindrical  surface 
on  inner  race  101  . 

Surface  103  of  outer  cam  102  is  inclined  radi- 
ally  such  that  when  inner  race  101  is  rotating 
counterclockwise,  as  it  does  when  the  transmission 
produces  reverse  drive,  it  carries  the  rollers  in  that 
direction  until  the  rollers  contact  and  wedge  be- 
tween  surfaces  103  and  the  outer  surface  of  race 
101,  the  position  where  the  center  O  of  each  finger 
is  aligned  angularly  with  point  A  on  the  cam  100, 
as  shown  in  Figure  3.  In  that  position,  race  101  and 
cam  100  are  driveably  connected  mutually  and 
brake  92  is  engaged.  Yet  when  the  cage  is  pushed 
by  the  actuation  system  clockwise  relative  to  the 
outer  cam,  thereby  bringing  the  center  O  of  each 
finger  into  angular  alignment  with  point  B  on  cam 
100  as  shown  in  Figure  4,  roller  104  moves  up 
inclined  surface  103  away  from  surface  105  until  a 
clearance  develops,  inner  race  101  is  driveably 
disconnected  from  the  outer  cam  100,  and  brake 
92  is  disengaged.  The  rollers  are  forced  to  the 
disengaged  position  by  contact  with  an  adjacent 
lateral  surface  of  each  finger. 

Figure  2  shows  a  chart  indicating  the  clutches 
and  brakes  that  are  engaged  or  released  selec- 
tively  to  produce  each  of  the  various  forward  driv- 
ing  ratios  and  the  reverse  ratio.  In  the  chart,  the 
symbol  X  is  used  to  identify  an  engaged  clutch  or 
brake,  the  symbol  O/R  is  used  to  designate  an 
overrunning  condition  for  one  or  the  other  of  the 
overrunning  couplings  78  and  84,  and  a  blank  is 
used  with  respect  to  columns  titled  "OWC1  "  and 
"OWC2"  to  indicate  a  one-way  clutch  that  is  nei- 
ther  overrunning  nor  driving. 

In  operation,  to  establish  the  low  speed  ratio, 
clutch  CL1  is  applied  as  well  as  brake  B2.  Turbine 
torque  then  is  transmitted  through  the  transfer  drive 
chain  30  to  the  sprocket  32  and  through  clutch  74 
and  overrunning  coupling  78  to  the  sun  gear  36. 
Sun  gear  44  acts  as  a  reaction  point.  An  overall 
torque  ratio  then  is  developed  which  equals  2.771 
as  indicated  in  Figure  2.  Under  a  coast  condition 
with  clutch  CL3  also  applied,  overrunning  coupling 

78  overruns  as  coasting  torque  is  delivered  through 
the  overrunning  coupling  84  from  sun  gear  36  to 
sprocket  wheel  32.  The  coasting  condition  is  listed 
in  the  chart  of  Figure  2  as  the  first  range  1M,  i.e. 

5  first  gear  selected  manually  by  the  vehicle  oper- 
ator.  The  first  speed  drive  ratio  1D  indicates  the 
automatically-engaged  low  speed  ratio  condition, 
which  does  not  require  engagement  of  clutch  CL3. 

To  effect  a  ratio  change  to  the  intermediate 
io  ratio  from  the  first  speed  drive  ratio,  it  is  necessary 

merely  to  engage  one  additional  clutch  clutch  CL2, 
while  brake  B2  remains  applied.  Upon  engagement 
of  clutch  CL2,  torque  from  the  sprocket  32  is 
delivered  directly  to  ring  gear  38  through  the  car- 

15  rier  40.  This  produces  a  speed  ratio  of  1  .543. 
A  ratio  change  from  the  intermediate  ratio  to 

third  speed  direct  ratio  is  a  synchronous  shift  that 
requires  engagement  of  additional  clutch  CL3  and 
release  of  the  brake  B2  in  timed  relationship.  Under 

20  these  conditions,  drive  torque  is  delivered  through 
overrunning  coupling  82  from  the  sprocket  32  to 
sun  gear  36.  Since  torque  is  delivered  simulta- 
neously  to  the  sun  gear  36  and  the  carrier  40,  the 
elements  of  the  planetary  gear  system  are  locked 

25  together  for  rotation  in  unison  and  the  resulting 
speed  ratio  is  1  .00. 

The  fourth  speed  ratio  is  an  overdrive  ratio.  It  is 
accomplished  by  fully  applying  brake  B1  and 
thereafter  releasing  clutch  CL1.  The  3-4  shift  is  a 

30  nonsynchronous  shift  that  is  achieved  merely  by 
engaging  the  single  friction  element  B1.  The  over- 
running  coupling  84  freewheels  thus  allowing  this 
nonsynchronous  shift  to  occur.  The  resulting  speed 
ratio  is  0.694. 

35  Reverse  drive  is  obtained  by  engaging  clutch 
CL1  and  engaging  brake  CL4.  In  order  for  the 
reverse  reaction,  i.e.,  the  load  applied  to  outer  cam 
100  of  brake  CL4,  to  accept  the  reaction  torque 
while  there  is  no  torsional  load  on  the  transmission, 

40  brake  CL4  is  engaged  before  clutch  CL1  is  en- 
gaged.  After  brake  CL4  is  engaged,  a  control  and 
actuation  system  gradually  engages  clutch  CL1  to 
modulate  the  load  and  avoid  harshness  and  impact 
in  shifting  to  reverse  drive.  When  brake  CL4  is 

45  engaged  and  clutch  CL1  is  disengaged,  there  is  no 
torsional  load  on  the  transmission  components  but 
the  reverse  reaction  at  the  transmission  casing, 
where  cam  100  is  fixed  against  rotation,  is  poten- 
tially  available  and  readily  operative  following  full 

50  engagement  of  clutch  74. 
To  disengage  brake  CL4,  the  cage  is  turned  in 

the  clockwise  direction,  as  viewed  in  Figures  3  and 
4,  by  the  actuation  system  in  response  to  control 
system  output.  The  cage  is  actuated  by  a  hydraulic 

55  servo  or  by  an  electric  solenoid  when  an  appro- 
priate  control  output  signal  is  present. 

In  reverse  drive,  sun  gear  36  is  driven  from 
sprocket  wheel  32  through  coupling  78,  and  carrier 

4 
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40  is  held  by  brake  92.  This  action  connects  ring 
gear  38  to  the  final  drive  56  with  rotation  in  the 
reverse  direction  at  a  speed  ratio  of  2.263.  In 
reverse  coast  conditions,  coupling  78  overruns,  but 
coupling  84  driveably  connects  sun  gear  36  to 
sprocket  32  to  provide  engine  coast  braking  in 
reverse. 

If  a  friction  brake  were  used  instead  of  disen- 
gageable  one-way  brake  92,  parasitic  drag  torque 
in  the  form  of  an  additional  torsion  load  on  the 
transmission  would  be  present  throughout  all  of  the 
forward  drive  conditions,  i.e.,  when  the  brake  is 
disengaged.  Use  of  disengageable  brake  92  elimi- 
nates  the  drag  loss  and  thereby  improves  fuel 
efficiency  overall. 

The  pattern  for  engagement  and  release  for  the 
overrunning  couplings  is  indicated  in  the  chart  of 
Figure  2  for  both  the  drive  and  coast  conditions. 
Figure  2  also  shows  the  ratios  that  are  characteris- 
tic  of  each  of  the  drive  modes. 

The  planetary  gear  unit  56  of  the  final  drive 
gearing  has  a  carrier  that  is  connected  to  a  dif- 
ferential  carrier  60  of  differential  gear  unit  14.  Car- 
rier  60  is  journalled  in  a  bearing.  Output  side  gear 
70  of  the  differential  gear  unit  14  is  splined  to 
output  shaft  35,  which  in  turn  is  connected  at  its 
outboard  end  by  means  of  a  universal  joint  to  one 
of  the  two  axle  shafts.  Side  gear  68  of  the  differen- 
tial  gearing  14  is  splined  at  the  right  hand  end  of 
shaft  34  and  the  left  hand  end  of  shaft  34  is 
connected  by  means  of  a  universal  joint  to  a  sec- 
ond  axle  shaft.  Pinions  64  and  66  are  supported  on 
a  pinion  shaft,  which  in  turn  is  secured  to  the 
carrier  60. 

The  speed  of  rotation  of  the  inner  race  of  the 
overrunning  coupling  84  is  equal  to  sun  gear 
speed.  The  speed  of  rotation  of  the  annular  cyl- 
inder  of  clutch  88  does  not  equal  the  sun  gear 
speed  since  it  is  effectively  disconnected  from  the 
sun  gear  through  overrunning  coupling  84.  The 
annular  cylinder  for  the  low  third  speed  ratio  and 
the  fourth  speed  ratio  clutch  does  not  rotate  at  the 
speed  of  the  sun  gear  36,  which  may  be  equal  to 
about  1  .8  times  the  speed  of  sprocket  32. 

Referring  to  Figures  6A  and  6B,  a  microproces- 
sor  110  receives  an  engine  speed  signal  on  lead 
114  from  an  engine  speed  sensor  112.  A  throttle 
sensor  116  includes  a  variable  resistance  122 
powered  by  a  reference  voltage  from  a  source  of 
electrical  power  118.  The  engine  carburetor  throttle 
120  is  moved  by  a  throttle  linkage  in  the  usual 
fashion,  and  in  doing  so  an  adjustable  contact  for 
resistor  122  results  in  a  throttle  position  signal  on 
lead  124,  which  is  connected  to  the  input  of  the 
microprocessor.  A  transmission  output  shaft  speed 
signal  produced  by  speed  sensor  126  is  carried  on 
lead  128  to  the  microprocessor. 

A  torque  converter  speed  signal  produced  by 

turbine  speed  signal  130  is  carried  on  lead  32  to 
the  microprocessor. 

A  range  position  signal,  which  identifies  the 
driving  mode  selected  by  the  vehicle  operator,  is 

5  produced  by  a  range  sensor  134  and  is  carried  on 
lead  136  to  the  microprocessor. 

The  signals  produced  by  the  various  sensors 
are  received  by  the  microprocessor  input  gate  and 
signal  conditioning  circuit  140.  The  gates  act  as 

io  switches  for  the  sensors  signals,  and  the  signal 
conditioning  circuit  prepares  the  signals  in  digital 
form  for  processing  by  the  microprocessor. 

Output  signals  in  digital  form  produced  by  the 
microprocessor  pass  through  output  gates  and 

is  driver  circuit  142,  whose  output  signals  represent 
values  carried  on  electrical  leads  to  an  electro- 
hydraulic  control  circuit  144.  The  microprocessor 
output  is  connected  to  a  throttle  valve  TV  solenoid 
through  lead  146,  to  a  torque  converter  bypass 

20  clutch  on  lead  148  and  to  the  forward  clutch  and 
solenoid  control  on  lead  150. 

Shift  valve  solenoid  signals  are  carried  to  a  3-4 
shift  solenoid,  a  2-3  shift  solenoid  and  a  sequence 
timing  solenoid  on  leads  154,  156  and  158,  respec- 

25  tively.  Torque  converter  flow  passages  that  are 
pressurized  with  fluid  under  control  of  the  valve 
body  are  supplied  through  the  hydraulic  pressure 
lines  160,  162  and  166,  the  latter  being  a  passage 
for  pressure  that  controls  the  engagement  force  of 

30  a  pressure  operated  torque  converter  bypass 
clutch.  Pressure  is  distributed  under  the  control  of 
hydraulic  valves  in  the  control  144  to  the  forward 
clutch  through  passage  168.  Similarly,  the  low  and 
intermediate  servo  96  for  the  transmission  is  ap- 

35  plied  with  actuating  pressure  through  passage  170 
and  the  release  side  of  the  same  servo  is  pressur- 
ized  by  pressure  in  passage  172.  The  intermediate 
clutch  90  is  supplied  with  pressure  in  passage  174. 
The  corresponding  passages  used  for  the  direct 

40  clutch  88,  the  overdrive  servo  94  and  the  reverse 
brake  92  are  shown  at  176,  178  and  180,  respec- 
tively. 

Essential  elements  of  the  microprocessor  110 
include  a  program  counter  182,  which  may  function 

45  as  a  general  register  as  in  the  case  for  the  regis- 
ters  of  the  instruction  register  184,  but  it  also 
contains  the  addresses  of  instructions  executed 
following  entry  or  retrieval  of  an  instruction  or  data 
currently  being  executed. 

50  Core  memory  for  the  microprocessor,  which 
contains  read/write  logic  as  well  as  decoder  logic, 
is  shown  at  186.  A  memory  address  register  usu- 
ally  is  provided  in  a  processor  of  this  kind  to  store 
the  currently  addressed  memory  location,  and  this 

55  is  indicated  by  reference  number  188.  Logic  for  the 
microprocessor  is  carried  out  at  location  190  for 
the  purpose  of  combining  arithmetically  and  logi- 
cally  data  words  retrieved  from  registers  or  mem- 
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ory. 
The  instruction  set  or  control  algorithm,  ex- 

ecuted  by  the  microprocessor  using  as  input  in- 
formation  received  from  the  various  sensors,  is 
executed  repetitively  to  produce,  on  the  basis  of 
the  execution,  output  signals  carried  to  the  various 
actuators,  servos  and  solenoids.  The  forward  clutch 
74  and  reverse  brake  92  are  controlled  and  op- 
erated  sequentially  by  the  control  algorithm  when 
reverse  drive  is  commanded.  The  control  algorithm 
selectively  produces  output  signals  used  to  en- 
ergize  and  deenergize  solenoids  in  timed  sequence 
such  that  the  reverse  clutch  is  energized,  either 
directly  by  movement  produced  by  the  energized 
solenoid  associated  with  the  reverse  clutch  or  in- 
directly  by  opening  a  source  of  hydraulic  pressure 
through  a  hydraulic  valve  to  a  servo  used  to  ac- 
tuate  the  cam  100  of  the  reverse  brake.  The  hy- 
draulic  valve  may  be  opened  and  closed  in  re- 
sponse  to  an  output  signal  used  to  energize  and 
deenergize  the  solenoid  associated  with  the  re- 
verse  clutch  92. 

When  reverse  drive  is  demanded  by  the  ve- 
hicle  operator,  the  reverse  drive  solenoid  is  en- 
ergized,  thereby  moving  cage  105  and  engaging 
brake  92.  Thereafter,  following  a  suitable  period  of 
delay,  line  150  carries  an  energizing  signal  to  the 
forward  clutch  solenoid  thereby  engaging  clutch 
74.  This  timed  relationship  assures  that  brake  92  is 
engaged  first  and  fully  before  torque  is  transmitted 
through  the  transmission.  Then  forward  clutch  74  is 
engaged  in  a  modulated  manner  by  applying  to 
line  150  a  pulse-width-modulated  signal  that  is 
adapted  to  avoid  harsh  impact  as  reverse  gear  is 
engaged. 

In  the  example  described,  the  reverse  brake  is 
normally  engaged  by  spring  109  except  when  for- 
ward  drive  is  commanded.  Then,  the  reverse  sole- 
noid  is  energized.  Alternately,  the  reverse  brake 
and  the  actuation  system  can  be  arranged  such 
that  the  brake  is  normally  disengaged  by  the  brake 
spring  109  in  reverse  drive  conditions  and  is  en- 
gaged  by  energizing  the  reverse  brake  solenoid 
when  reverse  drive  is  commanded. 

Claims 

1.  A  multiple  speed  ratio  automatic  transaxle  for  an 
automotive  vehicle  having  a  power  source  for  driv- 
ing  a  load,  comprising: 

input  means  for  carrying  torque  between  the 
power  source  and  a  planetary  gear  system; 

output  means  for  carrying  torque  between  the 
planetary  gear  system  and  the  load; 

a  planetary  gear  system  comprising  first  and 
second  planetary  gear  units,  each  gear  unit  having 
a  sun  gear,  a  ring  gear,  planet  pinions  meshing 
with  the  sun  gear  and  ring  gear,  and  a  carrier 

rotatably  supporting  the  planet  pinions,  the  output 
means  being  connected  to  the  ring  gear  of  the  first 
gear  unit  and  to  the  carrier  of  the  second  gear  unit, 
the  carrier  of  the  first  gear  unit  being  connected  to 

5  the  ring  gear  of  the  second  gear  unit; 
first  clutch  means  for  delivering  torque  be- 

tween  said  input  means  and  the  sun  gear  of  said 
first  gear  unit,  comprising  a  first  overrunning  cou- 
pling  and  a  first  friction  clutch  in  series  with  the 

io  first  overrunning  coupling; 
second  clutch  means  for  delivering  torque  be- 

tween  the  input  means  and  the  carrier  of  the  first 
gear  unit,  comprising  a  second  friction  clutch; 

third  clutch  means  for  delivering  torque  be- 
15  tween  said  input  means  and  the  sun  gear  of  said 

first  gear  unit,  comprising  a  second  overrunning 
coupling  and  a  third  friction  clutch  in  series  with  the 
second  overrunning  coupling; 

first  brake  means  for  braking  the  sun  gear  of 
20  the  first  gear  unit; 

second  brake  means  for  braking  the  sun  gear 
of  the  second  gear  unit;  and 

disengageable  overrunning  brake  means  for  al- 
ternately  braking  and  releasing  the  carrier  of  the 

25  first  gear  unit. 
2.  The  transaxle  of  claim  1  further  comprising: 

a  hydrokinetic  torque  converter  having  an  im- 
peller  driveably  connected  to  the  power  source; 
and 

30  a  turbine  hydrokinetically  coupled  to  the  impel- 
ler  and  driveably  connected  to  the  input  means. 
3.  The  transaxle  of  claim  1  wherein  the  output 
means  further  comprises  final  drive  gearing  drivab- 
ly  connecting  the  output  of  the  planetary  gear 

35  system  and  the  load. 
4.  The  transaxle  of  claim  1  further  comprising: 

a  hydrokinetic  torque  converter  having  an  im- 
peller  driveably  connected  to  the  power  source; 

a  turbine  hydrokinetically  coupled  to  the  impel- 
40  ler  and  driveably  connected  to  the  input  means; 

and 
final  drive  gearing  drivably  connecting  the  out- 

put  of  the  planetary  gear  system  and  the  load. 
5.  The  transaxle  of  claim  2  wherein  said  transaxle 

45  includes  a  torque  transfer  drive  comprising  a  drive 
sprocket  connected  to  said  turbine,  a  driven 
sprocket  connected  to  said  clutch  sleeve  shaft  and 
a  drive  chain  drivably  connecting  said  drive  and 
driven  sprockets. 

50  6.  An  automatic  transaxle  for  an  automotive  vehicle 
comprising: 

an  input  shaft  and  an  output  shaft  disposed 
parallel  to  the  input  shaft; 

a  planetary  gear  system  comprising  first  and 
55  second  planetary  gear  units  mounted  for  rotation 

about  the  axis  of  said  output  shaft  and  a  sleeve 
shaft  driveably  connected  to  the  input  shaft,  each 
gear  unit  having  a  sun  gear,  a  ring  gear,  planet 
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pinions  meshing  with  the  sun  gear  and  ring  gear, 
and  a  carrier  rotatably  supporting  the  planet  pin- 
ions,  an  output  shaft  of  said  gear  system  con- 
nected  to  the  ring  gear  of  the  first  gear  unit  and  the 
carrier  of  the  second  gear  unit,  the  carrier  of  the 
first  gear  unit  being  connected  to  the  ring  gear  of 
the  second  gear  unit; 

first  clutch  means  for  delivering  torque  be- 
tween  said  sleeve  shaft  and  the  sun  gear  of  said 
first  gear  unit,  comprising  a  first  overrunning  cou- 
pling  and  a  first  friction  clutch  in  series  with  the 
first  overrunning  coupling  driveably  connected  to 
the  sleeve  shaft  and  to  an  outer  race  of  the  first 
overrunning  clutch,  the  inner  race  of  the  first  over- 
running  coupling  being  connected  to  the  sun  gear 
of  the  first  gear  unit; 

second  clutch  means  for  delivering  torque  be- 
tween  said  sleeve  shaft  and  the  carrier  of  the  first 
gear  unit,  comprising  a  second  friction  clutch; 

third  clutch  means  for  delivering  torque  be- 
tween  said  sleeve  shaft  and  the  sun  gear  of  said 
first  gear  unit,  comprising  a  second  overrunning 
coupling  and  a  third  friction  clutch  in  series  with  the 
second  overrunning  coupling,  driveably  connecting 
said  sleeve  shaft  to  an  outer  race  of  said  second 
overrunning  coupling,  the  inner  race  of  the  second 
overrunning  coupling  being  connected  to  the  sun 
gear  of  the  first  gear  unit; 

first  brake  means  for  braking  the  sun  gear  of 
the  first  gear  unit; 

second  brake  means  for  braking  the  sun  gear 
of  the  second  gear  unit;  and 

disengageable  overrunning  brake  means  for  al- 
ternately  braking  and  releasing  the  carrier  of  the 
first  gear  unit. 
8.  The  transaxle  of  claim  6  further  comprising: 

a  hydrokinetic  torque  converter  having  an  im- 
peller  driveably  connected  to  the  power  source; 
and 

a  turbine  hydrokinetically  coupled  to  the  impel- 
ler  and  driveably  connected  to  the  input  means. 
9.  The  transaxle  of  claim  6  wherein  the  output 
means  further  comprises  final  drive  gearing  drivab- 
ly  connecting  the  output  of  the  planetary  gear 
system  and  the  load. 
10.  The  transaxle  of  claim  6  further  comprising: 

a  hydrokinetic  torque  converter  having  an  im- 
peller  driveably  connected  to  the  power  source; 

a  turbine  hydrokinetically  coupled  to  the  impel- 
ler  and  driveably  connected  to  the  input  means; 
and 

final  drive  gearing  drivably  connecting  the  out- 
put  of  the  planetary  gear  system  and  the  load. 
11.  The  transaxle  of  claim  6  wherein  said  transaxle 
includes  a  torque  transfer  drive  comprising  a  drive 
sprocket  connected  to  said  turbine,  a  driven 
sprocket  connected  to  said  clutch  sleeve  shaft  and 
a  drive  chain  drivably  connecting  said  drive  and 

driven  sprockets. 
12.  The  transaxle  of  claim  11  wherein  said  tran- 
saxle  includes  a  torque  transfer  drive  comprising  a 
drive  sprocket  connected  to  said  turbine,  a  driven 

5  sprocket  connected  to  said  clutch  sleeve  shaft  and 
a  drive  chain  drivably  connecting  said  drive  and 
driven  sprockets. 
13.  An  multiple  speed  ratio  automatic  transaxle  for 
an  automotive  vehicle  having  a  power  source  for 

io  driving  a  load,  comprising: 
input  means  for  carrying  torque  between  the 

power  source  and  a  planetary  gear  system; 
output  means  for  carrying  torque  between  the 

planetary  gear  system  and  the  load; 
is  a  planetary  gear  system  comprising  first  and 

second  planetary  gear  units,  each  gear  unit  having 
a  sun  gear,  a  ring  gear,  planet  pinions  meshing 
with  the  sun  gear  and  ring  gear,  and  a  carrier 
rotatably  supporting  the  planet  pinions; 

20  brake  means  for  braking  a  first  member  of  the 
planetary  gear  system;  and 

disengageable  overrunning  brake  means  for  al- 
ternately  braking  and  releasing  a  second  member 
of  the  planetary  gear  system;  and 

25  means  for  sequentially  engaging  the  overrun- 
ning  brake  and  thereafter  engaging  the  brake 
means. 
14.  The  transaxle  of  claim  13  wherein  the  overrun- 
ning  brake  means  comprises: 

30  an  inner  race  supported  rotatably,  having  an 
engageable  surface; 

an  outer  race  supported  for  rotation  coaxially 
with  the  inner  race,  having  angularly  spaced  cam 
surfaces  facing  the  engagable  surface  of  the  outer 

35  race  and  spaced  therefrom  by  a  variable  radial 
distance; 

rollers  located  between  the  cam  surface  and 
the  engageable  surface,  adapted  to  driveably  en- 
gage  said  surfaces  in  one  rotary  direction  and  to 

40  disengage  either  the  cam  surface  or  the  engagea- 
ble  surface  in  a  second  rotary  direction  opposite 
the  first  rotary  direction; 

spring  means  for  urging  the  rollers  toward  a 
position  of  engagement  with  or  disengagement 

45  from  the  cam  surfaces  and  the  engageable  surface, 
and  permitting  movement  relative  to  the  inner  race 
or  outer  race  toward  a  position  of  engagement  with 
or  disengagement  from  said  surfaces. 
15.  The  transaxle  of  claim  14  wherein  the  overrun- 

so  ning  brake  means  further  comprises: 
cage  means  located  between  the  cam  surface 

and  the  engageable  surface,  angularly  displaceable 
relative  to  the  inner  race  and  the  outer  race,  having 
abutting  surfaces  thereon  adajacent  the  rollers, 

55  contact  between  said  abutting  surfaces  and  the 
rollers  forcing  the  rollers  to  a  disengaged  position; 
and 

means  for  forcing  the  cage  abutting  surfaces 
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against  the  roller,  thereby  disengaging  the  rollers 
from  the  inner  race  or  outer  race. 
16.  The  transaxle  of  claim  15  wherein  the  forcing 
means  comprises: 

an  electronic  computer  having  a  processor  and  5 
electronic  memory  accessible  to  the  processor; 

means  for  producing  and  transmitting  to  the 
computer  input  signals  representing  operating  con- 
ditions  of  the  transaxle  and  vehicle; 

means  stored  in  memory  for  producing  on  the  10 
basis  of  the  input  signals  and  a  control  algorithm 
an  output  signal  representing  a  change  of  speed 
ratio; 

means  responsive  to  the  output  signal  for  en- 
gaging  the  overrunning  clutch  and  thereafter  en-  is 
gaging  the  brake  means. 
17.  The  transaxle  of  claim  13  wherein  the  output 
means  further  comprises  final  drive  gearing  drivab- 
ly  connecting  the  output  of  the  planetary  gear 
system  and  the  load.  20 
18.  The  transaxle  of  claim  13  further  comprising: 

a  hydrokinetic  torque  converter  having  an  im- 
peller  driveably  connected  to  the  power  source; 

a  turbine  hydrokinetically  coupled  to  the  impel- 
ler  and  driveably  connected  to  the  input  means;  25 
and 

final  drive  gearing  drivably  connecting  the  out- 
put  of  the  planetary  gear  system  and  the  load. 
19.  The  combination  as  set  forth  in  claim  13 
wherein  said  transaxle  includes  a  torque  transfer  30 
drive  comprising  a  drive  sprocket  connected  to 
said  turbine,  a  driven  sprocket  connected  to  said 
clutch  sleeve  shaft  and  a  drive  chain  drivably  con- 
necting  said  drive  and  driven  sprockets. 

35 
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