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Description 

Field  of  the  Invention 
The  present  invention  relates  to  generally  to  automatic  transmission  apparatus  for  use  in  vehicles,  and 

s  more  particularly,  to  an  automatic  transmission  for  a  vehicle  in  which  each  of  plural  paths  for  transmitting 
the  output  of  an  engine  is  selectively  formed  through  a  novel  gear  train  arrangement  in  accordance  with 
the  running  condition  of  the  vehicle  so  as  to  effect  automatically  a  speed  range  changing  operation. 

Description  of  the  Prior  Art 
10  GB  —  A  —  916  969  describes  an  automatic  transmission  apparatus  of  this  type  and  having  all  features  as 

set  forth  in  the  preamble  part  of  claim  1.  Moreover  this  appartus  shows  a  fourth  gear  train  and  a  fifth 
friction  clutch  means.  This  apparatus  comprises  a  second  one-way  clutch  which  is  located  in  the  fifth  gear 
on  the  counter  shaft. 

When  such  an  automatic  transmission  with  a  planetary  gear  mechanism  is  arranged  to  have  the 
15  increased  number  of  speed  ranges  for  transmitting  power  for  use  in  a  truck  or  the  like,  however,  a  gear  train 

arrangement  provided  therein  is  considerably  complicated  and  the  whole  configuration  thereof  is   ̂
increased  in  size.  Accordingly,  there  has  been  proposed  such  an  automatic  transmission  that  uses  a  gear  *  
train  arrangement  which  has  been  conventionally  used  in  a  manual  transmission  and  in  which  a  plurality  of 
grear  trains  each  having  a  different  gear  ratio  are  juxtaposed  between  a  couple  of  parallel  shafts  and  each 

20  of  the  gear  trains  is  selectively  brought  into  a  power  transmitting  state  to  provide  a  plurality  of  speed  * 
ranges,  and  friction  clutch  devices  provided  for  conducting  the  selection  of  the  gear  train,  in  order  to 
achieve  automatically  a  speed  range  changing  operation. 

However,  with  the  automatic  transmission  constituted  with  such  a  gear  train  arrangement  and  friction 
clutch  devices  as  described  above,  the  following  problems  are  encountered.  In  the  speed  range  changing 

25  operation,  a  certain  gear  train  is  switched  over  to  a  power  interrupting  state  from  the  power  transmitting 
state,  while  simultaneously  another  gear  train  is  switched  over  to  the  power  transmitting  state  from  the 
power  interrupting  state,  and  at  that  time,  a  friction  clutch  device  for  the  former  gear  train  is  required  to  be 
disengaged,  while  another  friction  clutch  device  for  the  latter  gear  train  is  required  to  be  engaged.  In  such 
case,  if  the  disengagement  and  engagement  of  the  respective  friction  clutch  devices  are  not  proper  in 

30  timing,  both  friction  clutch  devices  may  be  simultaneously  engaged  or  disengaged  and  this  results  in  a 
disadvantage  that  a  so-called  changing  shock  is  brought  about  or  in  an  engine  which  is  connected  to  the 
automatic  transmission  is  caused  to  be  in  a  racing  condition.  Further,  in  the  case  where  it  is  intended  to 
control  the  friction  clutch  devices  to  be  disengaged  and  engaged  respectively  with  a  proper  timing  for  the 
purpose  of  avoiding  such  a  disadvantage,  control  measures  which  are  extremely  complicated  may  be 

35  required. 
There  has  been  also  proposed  a  gear  type  transmission  having  a  plurality  of  gear  trains  juxtaposed 

between  a  couple  of  parallel  shafts  and  a  clutch  arrangement  including  firction  clutch  devices  and  one-way 
clutch  devices  operative  to  cause  each  of  the  gear  trains  to  be  selectively  brought  into  the  power 
transmitting  state,  as  disclosed  in  the  Japanese  patent  application  published  before  examination  with  the 

40  publication  no.  58/225244.  (=EP  —  A  —  87681).  However,  this  gear  type  transmission  employs  a  manual 
synchronizing  device  as  means  for  causing  a  gear  free  from  one  of  the  parallel  shafts  to  engage  the  latter 
and  is  constituted  with  an  output  shaft  thereof  provided  to  be  not  coaxial  with  an  engine  output  shaft  so  as 
to  be  used  in  an  automobile  of  a  so-called  front  engine-front  drive  type. 

45  Objects  and  Summary  of  the  Invention 
It  is  an  object  of  the  present  invention  to  provide  an  automatic  transmission  apparatus  which  avoids 

the  aforementioned  problems  encountered  with  the  prior  art. 
Another  object  of  the  present  invention  is  to  provide  an  automatic  transmission  apparatus  having  a 

gear  train  arrangement  including  a  plurality  of  gear  trains  juxtaposed  between  a  couple  of  parallel  shafts 
so  and  friction  clutch  devices,  which  is  constituted  to  be  capable  of  facilitating  the  control  of  timing  in 

operation  of  the  friction  clutch  devices.  ,V 
A  further  object  of  the  present  invention  is  to  provide  an  automatic  transmission  apparatus  having  a  S 

gear  train  arrangement  including  a  plurality  of  gear  trains  juxtaposed  between  a  couple  of  parallel  shafts 
and  friction  clutch  devices,  which  is  formed  to  be  compact  in  its  entirety  with  equipments  for  a  number  of 

55  speed  ranges  and  is  provided  with  relatively  simple  control  measures  operative  Jto  control  the  operation  of 
the  friction  clutch  device  to  change  the  speed  range  without  bringing  about  a  changing  shock,  a  racing 
condition  of  an  engine  of  the  like,  so  that  the  speed  range  changing  operation  is  satisfactorily  carried  out. 

A  still  further  object  of  the  present  invention  is  to  provide  an  automatic  transmission  apparatus  having 
a  gear  train  arrangement  including  a  plurality  of  gear  trains  juxtaposed  between  a  couple  of  parallel  shafts 

60  and  friction  clutch  devices,  in  which  a  friction  clutch  device  for  lower  speed  ranges  is  provided  with  an 
increased  capacity  for  transmitting  power  without  increasing  each  of  external  dimensions  of  the  apparatus. 

According  to  an  aspect  of  the  present  invention,  there  is  provided  an  automatic  transmission  apparatus 
comprising  an  input  shaft  coupled  with  an  engine  output  shaft,  an  output  shaft  disposed  behind  and 
coaxially  with  the  input  shaft,  a  counter  shaft  disposed  in  parallel  to  both  of  the  input  and  output  shafts,  a 

65  plurality  of  gears  provided  on  the  input,  output  and  counter  shafts  to  form  a  plurality  of  gear  trains,  a 
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plurality  of  friction  clutch  devices  each  for  selectively  making  and  breaking  each  of  power  transmitting 
paths  formed  among  the  input,  output  and  counter  shafts  in  relation  to  the  gear  trains,  and  a  one-way 
clutch  provided  between  one  of  the  gears  and  the  input  shaft.  The  power  transmitting  paths  include  a  first 

power  transmitting  path  formed  through  a  first  gear  train  including  a  first  gear  provided  on  the  input  shaft 

5  and  a  second  gear  provided  on  the  counter  shaft  to  be  meshed  with  the  first  gear,  a  second  power 
transmitting  path  formed  through  a  second  gear  train  including  a  third  gear  provided  through  the  one-way 
clutch  device  on  the  rear  end  of  the  input  shaft  and  a  fourth  gear  provided  on  the  counter  shaft  to  be 

meshed  with  the  third  gear,  a  third  power  transmitting  path  from  the  input  shaft  through  the  one-way 
clutch  device  to  the  output  shaft,  and  a  fourth  power  transmitting  path  formed  by  a  third  gear  tram 

10  including  a  fifth  gear  provided  on  the  rear  end  of  the  counter  shaft  and  a  sixth  gear  provided  on  the  output 
shaft  to  be  meshed  with  the  fifth  gear.  The  friction  clutch  devices  include  a  first  friction  clutch  device 

operative  selectively  to  make  and  break  the  first  power  transmitting  path,  a  second  friction  clutch  device 
provided  at  the  front  end  of  the  output  shaft  to  be  operative  selectively  to  make  and  break  the  third  power- 
transmitting  path,  and  a  third  friction  clutch  device  operative  selectively  to  make  and  break  the  fourth 

75  power  transmitting  path.  An  additional  one-way  clutch  device  is  also  provided  on  the  output  shaft  for 

engaging  with  the  sixth  gear  in  the  fourth  power  transmitting  path. 
In  an  embodiment  of  automatic  transmission  apparatus  according  to  the  present  invention  taken  by 

way  of  example,  an  additional  friction  clutch  device  is  provided  to  be  operative  selectively  to  make  and 
break  the  second  power  transmitting  path. 

20  Further,  in  the  embodiment,  the  fourth  power  transmission  path  is  used  for  lower  speed  ranges  and  the 
third  friction  clutch  device  is  arranged  to  have  a  diameter  larger  than  those  of  other  friction  clutch  devices 

and  disposed  on  the  output  shaft  a  a  position  behind  the  rear  end  of  the  counter  shaft. 
In  another  embodiment  of  automatic  transmission  apparatus  according  to  the  present  invention  taken 

by  way  of  example,  the  input  shaft  is  coupled  with  the  engine  output  shaft  through  a  dry  friction  dutch 

25  device,  and  each  of  the  first,  second  and  third  friction  clutch  devices  is  constituted  with  a  wet  friction  clutch 

In  such  an  automatic  transmission  apparatus  according  to  the  present  invention,  with  the  first,  second 
and  third  gear  trains  each  given  the  gear  ratio  set  appropriately,  the  selective  engagement  of  each  of  the 
first  second  and  third  friction  clutch  devices  provides  selectively  at  least  the  following  power  transmitting 

30  path's  each  starting  from  the  input  shaft  and  ending  with  the  output  shaft;  a  first  path  which  may  be  used 

for  the  first  speed,  for  example,  and  passes  through  the  second  gear  train,  the  counter  shaft  and  the  third 

gear  train;  a  second  path  which  may  be  used  for  the  second  speed,  for  example,  and  passes  through  the 
first  gear  train,  the  counter  shaft  and  the  third  gear  train;  a  third  path  which  may  be  used  for  the  third 
speed  for  example,  and  through  which  the  power  is  transmitted  directly  to  the  output  shaft  from  the  input 

35  shaft  without  passing  through  any  gear  train;  and  a  fourth  path  which  may  be  used  for  the  fourth  speed,  for 

example,  and  passes  through  the  first  gear  train,  the  counter  shaft  and  the  second  gear  train.  It  is  thus 

possible  to  obtain  four  forward  speed  ranges  with  the  three  gear  trains. 
In  the  automatic  transmission  apparatus  thus  constituted  in  accordance  with  the  present  invention,  the 

gear  train  arrangement  of  such  a  type  as  including  a  plurality  of  gear  trains  provided  on  a  couple  of  parallel 
40  shafts  is  employed  so  as  to  form  at  least  four  forward  speed  ranges  with  three  gear  trains.  Accordingly,  the 

whole  configuration  of  the  apparatus  is  made  compact  compared  with  previously  proposed  automatic 
transmissions  possessed  of  the  same  number  of  speed  ranges.  Further,  the  switching  of  the  respective 
speed  ranges  is  achieved  with  the  operation  of  one  friction  clutch  device,  and  therefore  it  is  not  required  to 

optimize  the  adjustment  of  the  timing  in  operation  of  each  of  the  friction  clutch  devices  by  means  of 

45  complicated  control  measures.  Consequently,  with  the  automatic  transmission  apparatus  according  to  the 

present  invention,  a  satisfactory  speed  range  changing  operation  is  carried  out  with  relatively  simple 
control  measures  without  bringing  about  the  changing  shock,  the  racing  condition  of  an  engine  or  the  like. 

In  the  embodiment,  one  of  the  friction  clutch  device  provided  in  the  power  transmission  path  used  for 
lower  speed  ranges  is  arranged  to  have  an  increased  diameter  at  the  position  behind  the  counter  shaft,  so 

so  that  an  increased  capacity  for  transmitting  power  is  obtained  for  the  lower  speed  ranges  without  increasing 
each  of  external  dimensions  of  the  apparatus. 

Further,  in  another  embodiment,  one  of  the  friction  clutch  devices  for  coupling  the  input  shaft  with  the 

engine  output  shaft,  that  is,  the  friction  clutch  device  used  for  starting  a  vehicle  is  constituted  with  a  dry 
friction  clutch  device  which  can  be  recovered  to  have  an  appropriate  ability  for  transmitting  power  with 

55  simple  adjustment  even  if  a  friction  plate  provided  therein  is  a  little  worn  away.  This  results  in  that  the 
friction  clutch  device  used  for  starting  a  vehicle  is  improved  in  durability. 

The  above,  and  other  objects,  features  and  advantages  of  the  present  invention  will  become  apparent 
from  the  following  detailed  description  which  is  to  be  read  in  conjuction  with  the  accompanying  drawings 

60  Brief  Description  of  the  Drawings 
Fig.  1  is  a  sectional  view  of  an  embodiment  of  automatic  transmission  apparatus  according  to  the 

present  invention;  . 
Figs.  2  to  5  are  illustrations  used  for  explaining  power  transmitting  paths  for  the  respective  speed 

ranges  in  the  embodiment  shown  in  Fig.  1; 
65 
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Fig.  6  is  a  sectional  view  of  another  embodiment  of  automatic  transmission  apparatus  according  to  the 
present  invention; 

Figs.  7  to  12  are  illustrations  used  for  explaining  power  transmitting  paths  for  the  respective  speed 
ranges  in  the  embodiment  shown  in  Fig.  6; 

5  Fig.  13  is  a  sectional  view  of  a  portion  of  a  further  embodiment  of  automatic  transmission  apparatus 
according  to  the  present  invention; 

Figs.  14  to  17  are  illustrations  used  for  explaining  power  transmitting  paths  for  the  respective  speed 
ranges  in  the  embodiment  shown  in  Fig.  13;  and 

Fig.  18  is  a  sectional  view  of  a  still  further  embodiment  of  automatic  transmission  apparatus  according 
10  to  the  present  invention. 

Description  of  the  preferred  Embodiments 
Fig.  1  shows  an  example  of  the  automatic  transmission  apparatus  according  to  the  present  invention. 
Referring  to  Fig.  1,  an  automatic  transmission  1,  which  is  one  embodiment  of  automatic  transmission 

15  apparatus  according  to  the  present  invention,  comprises  a  torque  converter  10  provided  in  a  transmission 
case  2  to  be  coupled  with  an  engine  output  shaft  3,  an  input  shaft  20  connected  to  the  torque  converter  10, 
an  output  shaft  30  disposed  behind  and  coaxially  with  the  input  shaft  20  and  having  a  mounting  drum  4  for 
coupling  with  a  propeller  shaft  (not  shown)  at  the  rear  end  thereof,  a  counter  shaft  40  disposed  in  parallel  to 
both  the  input  and  output  shafts  20  and  30,  and  a  plurality  of  gear  trains,  friction  clutch  devices  and  one- 

20  Way  clutch  devices  provides  for  transmitting  or  interrupting  power  between  the  input,  output  and  counter 
shafts  20,  30  and  40. 

The  torque  converter  10  includes  a  pump  impeller  12  formed  in  a  body  with  a  case  11  coupled  through 
a  driving  plate  5  with  the  engine  output  shaft  3,  a  turbine  runner  13  disposed  to  be  rotatable,  a  stator  14 
interposed  between  the  pump  impeller  12  and  the  turbine  runner  13,  and  a  lock-up  clutch  device  15 

25  provided  between  the  case  1  1  and  a  collar  thrust  bearing  13a  connected  to  the  turbine  runner  13.  The  front 
end  of  the  input  shaft  20  is  provided  with  splines  to  be  coupled  with  the  collar  thrust  bearing  1  3a,  so  that  the 
rotation  of  the  turbine  runner  13  is  transmitted  to  the  input  shaft  20.  Behind  the  torque  converter  10,  an  oil 
pump  16  is  provided  to  bedrived  by  the  engine  output  shaft  3  through  the  case  11  of  the  torque  converter 
10  and  a  sleeve  11a  fixed  to  the  case  11. 

30  A  first  gear  51  is  loosely  fitted  on  the  middle  portion  of  the  input  shaft  20  and  a  second  gear  52  normally 
meshed  with  the  first  gear  51  is  fitted  on  the  front  portion  of  the  counter  shaft  40  through  splines  provided 
in  the  latter.  The  first  and  second  gears  51  and  52  constitute  a  first  gear  train  I.  A  first  friction  clutch  device 
61  of  a  wet  multi-plate  type  is  provided  on  the  input  shaft  20  for  connecting  the  input  shaft  20  with  the  first 
gear  51  and  disconnecting  the  input  shaft  20  from  the  first  gear  51.  The  first  friction  clutch  device  61 

35  comprises  a  drum  61a  coupled  with  the  input  shaft  20  through  splines  provided  on  the  latter,  a  hub  61b 
formed  in  a  body  on  the  first  gear  51,  a  plurality  of  friction  plates  61c  connected  alternately  with  the  drum 
61a  and  the  hub  61b  through  splines  provided  on  both  of  the  latter,  and  a  piston  61  d  for  engaging  the 
friction  plates  61c  together  so  as  to  connect  the  drum  61a  with  the  hub  61b,  that  is,  to  connect  the  input 
shaft  20  with  the  first  gear  51  when  an  operating  pressure  is  supplied  thereto. 

40  A  third  gear  53  is  also  fitted  through  a  first  one-way  clutch  device  71  on  the  rear  end  of  the  input  shaft 
20  and  a  fourth  gear  54  normally  meshed  with  the  third  gear  53  is  loosely  fitted  on  the  counter  shaft  40.  The 
third  and  fourth  gears  53  and  54  constitute  a  second  gear  train  II.  A  second  friction  clutch  device  62  is 
provided  on  the  counter  shaft  40  for  connecting  the  counter  shaft  40  with  the  fourth  gear  54  and 
disconnecting  the  counter  shaft  40  from  the  fourth  gear  54.  The  second  friction  clutch  device  62  also 

45  comprises  a  drum  62a  coupled  with  the  counter  shaft  40  through  splines  provided  on  the  latter,  a  hub  62b 
connected  to  a  sleeve-shaped  extension  54a  of  the  fourth  gear  54,  a  plurality  of  friction  plates  62C  provided 
between  the  drum  62a  and  the  hub  62b,  and  a  piston  62d  for  engaging  the  friction  plates  62c  together  so  as 
to  connect  the  drum  62a  with  the  hub  62b,  that  is,  to  connect  the  counter  shaft  40  with  the  fourth  gear  54 
when  an  operating  pressure  is  supplied  thereto. 

so  Further,  a  third  friction  clutch  device  63  is  provided  on  the  rear  end  of  the  input  shart  20  between  the 
first  one-way  clutch  device  71  and  the  front  end  of  the  output  shaft  30.  This  third  friction  clutch  device  63 
also  comprises  a  drum  63a  coupled  with  the  output  shaft  30  through  splines  provided  on  the  latter,  a  hub 
63d  incorporated  with  an  outer  race  71a  (the  third  gear  53)  of  the  first  one-way  clutch  device  71,  a  plurality 
of  friction  plates  63c  provided  between  the  drum  63a  and  the  hub  63b,  and  a  piston  63d  for  engaging  the 

55  friction  plates  63c  together  so  as  to  connect  the  drum  63a  with  the  hub  63b  when  an  operating  pressure  is 
supplied  thereto.  It  is  to  be  noted  that  when  the  third  friction  clutch  device  63  is  caused  to  be  in  engagement 
and  the  first  one-way  clutch  device  71  is  locked,  the  input  shaft  20  is  coupled  with  the  output  shaft  30. 

On  the  input  shaft  20,  a  friction  clutch  device  65  is  used  for  engine-braking  is  provided  in  a  parallel 
relation  to  the  first  one-way  clutch  device  71.  The  friction  clutch  device  65  is  composed  of  a  drum  65a 

eo  connected  with  the  input  shaft  20  through  splines  provided  on  the  latter,  a  hub  65b  incorporated  with  the 
outer  race  71a  of  the  first  one-way  clutch  device  71,-a  plurality  of  friction  plates  65c  provided  between  the 
drum  65a  and  the  hub  65b,  and  a  piston  65d  for  engaging  the  friction  plates  65c  together  so  as  to  connect 
the  drum  65a  with  the  hub  65b.  Accordingly,  when  the  friction  clutch  device  65  is  caused  to  be  in 
engagement,  the  input  shaft  20  is  coupled  with  the  third  gear  53  or  the  hub  63b  of  the  third  friction  clutch 

65  device  63,  even  if  the  first  one-way  clutch  device  712  is  set  free. 
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A  fifth  gear  55  is  formed  in  a  body  on  the  counter  shaft  40  at  the  rear  end  thereof  and  a  sixth  gear  56  is 
loosely  fitted  on  the  middle  portion  of  the  output  shaft  30  to  be  normally  meshed  with  the  fifth  gear  55.  The 
fifth  and  sixth  gears  55  and  56  constitute  a  third  gear  train  III.  A  fourth  friction  clutch  device  64  for 
connecting  the  output  shaft  30  with  the  sixth  gear  56  and  disconnecting  the  outut  shaft  30  from  the  sixth 

5  gear  56  and  a  second  one-way  clutch  device  72  are  provided  on  the  output  shaft  30  in  series  along  a  power 
transmitting  path.  The  fourth  friction  clutch  device  64  comprises  a  drum  64a  connected  with  the  output 
shaft  30  through  splines  provided  on  the  later,  a  hub  64b,  a  plurality  of  friction  plates  64c  provided  between 
the  drum  64a  and  the  hub  64b,  and  a  piston  64d  for  engaging  the  friction  plates  64c  together  so  as  to 
connect  the  drum  64a  with  the  hub  64b  when  an  operating  pressure  is  supplied  thereto.  The  hub  64b  is 

10  incorporated  with  an  inner  race  72a  of  the  second  one-way  clutch  device  72  and  an  outer  race  72b  of  the 
second  one-way  clutch  device  72  is  formed  in  a  body  on  the  sixth  gear  56.  Accordingly,  when  the  fourth 
friction  clutch  device  64  is  caused  to  be  in  engagement  and  the  second  one-way  clutch  device  72  is  locked, 
the  sixth  gear  56  is  engaged  with  the  output  shaft  3 0 . .   ,  ■  • 

In  the  inside  of  the  forth  friction  clutch  device  54,  a  friction  clutch  device  66  used  for  engine-braking  is 
is  provided  concentrically  with  the  fourth  friction  clutch  device  64.  This  friction  clutch  device  66  is  composed 

of  a  drum  66a  incorporated  with  the  inner  race  72a  (the  hub  64b  of  the  fourth  friction  clutch  device  64),  a 
hub  66b  incorporated  with  the  outer  race  72a  (the  sixth  gear  56)  of  the  second  one-way  clutch  device  72,  a 
plurality  of  friction  plates  66c  provided  between  the  drum  66a  and  the  hub  66b,  and  a  piston  66d  for 
engaging  the  friction  plates  66c  together  so  as  to  connect  the  drum  66a  with  the  hub  66b,  that  is,  to  connect 

20  the  inner  race  72a  of  the  second  one-way  clutch  device  72  with  the  outer  race  72b  of  the  second  one-way 
clutch  device  72.  Accordingly,  when  the  friction  clutch  device  66  and  the  fourth  friction  clutch  device  64  are 
caused  to  be  in  engagement,  respectively,  the  sixth  gear  56  is  coupled  with  the  output  shaft  30,  even  if  the 
second  one-way  clutch  device  72  is  set  free. 

The  first  one-way  clutch  device  71  is  locked  to  transmit  the  rotation  of  the  input  shaft  20  to  the  outer 
25  race  71a  thereof  when  the  speed  of  the  input  shaft  20  rotating  in  a  predetermined  rotating  direction  is  going 

to  become  larger  than  that  of  the  outer  race  71a,  and  idles  when  the  speed  of  the  outer  race  71a  rotating 
exceeds  the  speed  of  the  input  shaft  20.  The  second  one-way  clutch  device  72  is  also  locked  to  transmit  the 
rotation  of  the  outer  race  72b  thereof  to  the  inner  race  72a  thereof  when  the  speed  of  the  outer  race  72b 
rotating  in  a  predetermined  rotating  direction  is  going  to  become  larger  than  that  of  the  inner  race  72a,  and 

30  idles  when  the  speed  of  the  inner  race  72d  rotating  exceeds  the  speed  of  the  output  race  72b. 
The  diameter  of  each  of  the  gears  51  to  56  is  so  arranged  that  the  first  train  I  has  a  gear  ratio  set  at  a 

value  about  1,  the  second  gear  train  II  causes  reduction  in  speed  when  the  rotation  is  transmitted  to  the 
fourth  gear  54  from  the  third  gear  53,  and  the  third  gear  train  III  causes  reduction  in  speed  when  the  rotation 
is  transmitted  to  the  sixth  gear  56  from  the  fifth  gear  55. 

35  Further,  the  fourth  friction  clutch  device  64  is  arranged  to  have  a  diameter  larger  than  that  of  any  other 
friction  clutch  device  61,  62,  63,  65  or  66,  and  further  is  disposed  at  a  position  behind  the  rear  end  of  the 
counter  shaft  40  so  as  not  to  come  into  contact  with  the  counter  shaft  40. 

In  addition  to  the  above  arrangement,  a  fourth  gear  train  IV  serving  as  a  reversing  gear  train  is  provided 
between  the  counter  shaft  40  and  the  output  shaft  30.  The  fourth  gear  train  IV  comprises  a  driving  gear  81 

40  formed  in  a  body  on  the  counter  shaft  40,  an  idle  gear  83  provided  on  an  idle  shaft  82  to  be  normally 
meshed  with  the  driving  gear  81  ,  and  a  follower  gear  84  loosely  fitted  on  the  output  shaft  30  to  be  normally 
meshed  with  the  idle  gear  83.  Splines  85  are  provided  on  the  output  shaft  30  and  another  splines  84a  of  the 
same  shape  as  the  splines  85  are  provided  on  the  side  surface  of  the  follower  gear  84  to  be  adjacent  to  the 
splines  85,  so  that  the  follower  gear  84  is  coupled  with  the  output  shaft  30  when  a  sleeve  86  fitted  slidably 

45  on  the  splines  85  is  shafted  by  a  shifting  fork  87  to  fit  over  both  of  the  splines  85  and  84a. 
In  this  embodiment,  a  parking  gear  91  is  fixed  on  the  outer  periphery  of  the  drum  64a  of  the  fourth 

friction  clutch  device  64  and  the  output  shaft  30  is  locked  through  the  drum  64a  when  a  parking  rod  92  is 
come  into  engagement  with  the  parking  gear  91  .  Further,  a  power  supplying  gear  94  is  provided  on  a  shaft 
93  to  be  meshed  with  the  fourth  gear  54  on  the  counter  shaft  40  and  power  for  use  in  various  operations 

so  may  be  derived  from  the  power  supplying  gear  94. 
Now,  the  power  transmitting  state  at  each  speed  range  in  the  embodiment  described  above  will  be 

explained  with  reference  to  Table  1  mentioned  below  to  show  conditions  of  clutch  operation  and  Figs.  2  to 
5  of  the  accompanying  drawings  hereinafter.  In  Table  1,  each  circular  mark:O  represents  that  the  friction 
clutch  device  is  held  in  engagement  to  transmit  power  of  the  one-way  clutch  device  is  locked  to  transmit 

55  power,  and  each  parenthesized  circular  mark:  (O)  represents  that  the  friction  clutch  device  is  held  in 
engagement  without  participating  in  power  transmission. 

60 

65 
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Table   1 

F i r s t   Second  Thi rd   F o u r t h  
f r i c t i o n   f r i c t i o n   f r i c t i o n   f r i c t i o n  

Speed  c l u t c h   c l u t c h   c l u t c h   c l u t c h  
r ange   d e v i c e   dev i ce   d e v i c e   d e v i c e  

61  62  63  64 

1  O o  
2  0  (0)  0  
3  (0)  0  (0) 
4  0  0  0  (0) 

10 

15 

F i r s t   Second  F r i c t i o n  
one-way   one-way  c l u t c h  

Speed  c l u t c h   c l u t c h   d e v i c e s   f o r  
r a n g e   d e v i c e   dev i ce   e n g i n e - b r a k i n g  

71  72  65  66 

1  0  0  0  0  
2  0  0  
3  0  0  
4 

20 

25 

30 

First,  in  the  case  of  the  first  speed  range,  the  second  and  fourth  friction  clutch  devices  62  and  64  are 
held  in  engagement,  and  the  first  and  second  one-way  clutch  devices  71  and  72  are  locked,  as  shown  in 

35  Table  1.  At  this  time,  as  indicated  with  portions  hatched  with  solid  lines  in  Fig.  2,  the  rotation  of  the  engine 
output  shaft  3,  which  corresponds  to  the  output  power  of  the  engine,  is  transmitted  from  the  input  shaft  20 
through  the  first  one-way  clutch  device  71  to  the  third  gear  53  of  the  second  gear  train  II,  and  further 
transmitted  from  the  third  gear  53  through  the  fourth  gear  54  and  the  second  friction  clutch  device  62  to  the 
counter  shaft  40.  Then,  the  rotation  delivered  to  the  counter  shaft  40  is  transmitted  furthermore  through  the 

40  fifth  and  sixth  gears  55  and  56  constituting  the  third  gear  train  III,  the  second  one-way  clutch  device  72  and 
the  fourth  friction  clutch  device  64  to  the  output  shaft  30.  In  such  a  transmitting  path,  the  rotation  of  the 
input  shaft  20  is  decelarated  in  the  second  gear  train  II  before  being  transmitted  to  the  counter  shaft  40,  and 
then,  the  rotation  delivered  to  the  counter  shaft  40  is  further  decelerated  in  the  third  gear  train  III  before 
being  transmitted  to  the  output  shaft  30.  Consequently,  the  greatest  speed  reducing  ratio  for  the  first  speed 

45  range  is  obtained. 
In  the  case  of  the  second  speed  range,  the  first  friction  clutch  device  61  is  held  in  engagement  in  addition 

to  the  condition  of  the  first  speed  range,  as  shown  in  Table  1  .  At  this  time,  as  shown  in  Fig.  3,  the  rotation  of 
the  input  shaft  20  is  transmitted  through  the  first  friction  clutch  device  61  ,  the  first  and  second  gears  51  and 
52  constituting  the  first  gear  train  I  to  the  counter  shaft  40,  and  further  transmitted  from  the  counter  shaft  40 

so  through  the  fifth  and  sixth  gears  55  and  56  constituting  the  third  gear  train  III,  the  second  one-way  clutch 
device  72  and  the  fourth  friction  clutch  device  64  to  the  output  shaft  30  in  the  same  manner  as  the  case  of 
the  first  speed  range.  In  such  a  transmitting  path,  since  the  speed  reducing  ration  of  the  first  gear  train  I  is 
set  to  be  about  1  and  smaller  than  that  of  the  second  gear  train  II,  a  speed  reducing  ratio  for  the  second 
speed  range  which  is  smaller  than  that  for  the  first  speed  range  is  obtained. 

55  In  this  case,  the  change  to  the  second  speed  range  from  the  first  speed  range  is  effected  by  only  the 
engaging  action  of  the  first  friction  clutch  device  61  and  the  second  friction  clutch  device  62  remains  in  the 
engaging  state,  and  therefore,  as  indicated  with  portions  hatched  with  broken  lines  in  Fig.  3,  the  rotation 
delivered  to  the  counter  shaft  40  is  transmitted  through  the  second  friction  clutch  device  62  to  the  fourth 
gear  54  and  the  third  gear  53.  However,  since  the  first  one-way  clutch  device  71  provided  between  the  third 

60  gear  53  and  the  input  shaft  20  idles  with  the  outer  race  71a  rotating  at  the  speed  higher  than  that  of  the 
input  shaft  20,  the  power  delivered  to  the  input  shaft  20  can  not  be  transmitted  through  the  second  gear 
train  II  to  the  counter  shaft  40.  The  second  friction  clutch  device  62  is  disengaged  appropriately  in  the  state 
of  the  second  speed  range. 

In  the  case  of  the  third  speed  range,  the  third  friction  clutch  device  63  is  held  in  engagement  in  addition 
65  to  the  condition  of  the  second  speed  range  wherein  the  second  friction  clutch  device  62  has  been  already 

40 
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disenqaged,  as  shown  in  Table  1.  At  this  time,  as  shown  in  Fig.  4,  the  rotation  of  the  input  shaft  20  is 
transmitted  through  the  first  one-way  clutch  device  71  and  the  third  friction  clutch  device  63  to  the  output 
shaft  30  The  transmitting  path  thus  formed  does  not  include  any  gear  train,  and  therefore  the  rotation  of 
the  input  shaft  20  is  transmitted  to  the  output  shaft  30  without  being  reduced,  so  that  a  so-called  directly 

5  coupled  state  is  o b t a i n e d . .  
During  the  state  of  the  third  speed  range,  the  first  and  fourth  friction  clutch  devices  61  and  64  are  held 

in  enqagement.  Accordingly,  as  indicated  with  portions  hatched  with  broken  lines  in  Fig.  4,  the  rotation  of 
the  input  shaft  20  is  transmitted  through  the  first  friction  clutch  device  61,  the  first  gear  tram  I,  the  counter 
shaft  40  and  the  third  gear  train  III  to  the  outer  race  72b  of  the  second  one-way  clutch  device  72,  and  the 

io  rotation  of  the  output  shaft  30  is  also  transmitted  through  the  fourth  friction  clutch  device  64  to  the  inner 
race  72a  of  the  second  one-way  clutch  device  72.  However,  since  the  second  one-way  clutch  device  72  idles 
with  the  inner  race  72a  rotating  at  the  speed  higher  than  that  of  the  outer  race  72b,  the  rotation  of  the 

counter  shaft  40  does  not  exert  any  harmful  influence  upon  the  rotation  of  the  output  shaft  30. 
Further  in  the  case  of  the  fourth  speed  range,  the  second  friction  clutch  device  62  is  additionally  held  in 

is  enqagement,  so  that  all  of  the  first  to  fourth  friction  clutch  devices  61  to  64  are  held  in  engagement,  as 
shown  in  Table  1.  At  this  time,  as  shown  in  Fig.  5,  the  rotation  of  the  input  shaft  20  is  transmitted  through 
the  first  friction  clutch  device  61  and  the  first  and  second  gears  51  and  52  to  the  counter  shaft  40,  and  further 
transmitted  from  the  counter  shaft  40  through  the  second  friction  clutch  device  62,  the  fourth  and  third 

gears  54  and  53  constituting  the  second  gear  train  II  and  the  third  friction  clutch  device  63  to  the  output 
20  shaft  30.  In  such  a  transmitting  path,  the  rotation  is  transmitted  from  the  counter  shaft  40  to  the  output  shaft 

30  through  the  second  gear  train  II  wherein  the  rotation  of  the  fourth  gear  54  is  trnasmitted  to  the  third  gear 
53  which  has  a  diameter  smaller  than  that  of  the  fourth  gear  54  and  therefore  the  rotation  of  the  third  gear 
53  is  increased  compared  with  the  rotation  of  the  fourth  gear  54.  Consequently,  a  so-called  overdrive  state 
for  the  fourth  speed  range  is  established.  The  first  one-way  clutch  device  71  idles  in  the  same  manner  as  the 

2S  case  of  the  second  speed  range  and  the  second  one-way  clutch  device  72  also  idles  in  the  same  manner  as 
the  case  of  the  third  speed  r a n g e . .  

In  such  a  manner  as  described  above,  three  gear  trains  I  to  III  juxtaposed  between  two  of  the  input, 
output  and  counter  shafts  20,  30  and  40  are  selectively  brought  into  the  power  transmitting  state  in 
accordance  with  the  operation  of  each  of  the  first  to  fourth  friction  clutch  devices  61  and  64  and  the  first  and 

30  second  one-way  clutch  devices  71  and  72,  so  as  to  provide  four  forward  speed  ranges.  Each  of  changes  to 
the  second  speed  range  from  the  first  speed  range,  to  the  third  speed  range  from  the  second  speed  range, 
to  the  fourth  speed  range  from  the  third  range  is  effected  by  only  the  operation  of  one  of  the  first  to  fourth 
friction  clutch  devices  61  to  64. 

During  the  state  of  the  first  speed  range  and  the  state  of  the  second  speed  range,  the  first  one-way 
35  clutch  device  71  is  locked  to  transmit  power,  and  during  the  state  of  the  third  speed  range  and  the  state  of 

the  fourth  speed  range,  the  second  one-way  clutch  device  72  is  locked  to  transmit  power.  However,  when  a 
vehicle  to  which  the  embodiment  is  applied  is  coasting,  each  of  the  first  and  second  one-way  clutch  devices 
71  and  72  idles  over,  so  that  the  automatic  transmission  1  is  caused  to  be  in  a  neutral  state.  In  the  case 
where  it  is  required  to  effect  engine-braking  in  a  situation  in  which  the  vehicle  is  coating,  the  friction  clutch 

40  devices  65  and  66  for  engine-braking  are  caused  to  be  in  engagement,  as  shown  in  Table  1,  so  as  to 
transmit  power  in  place  of  the  first  and  second  one-way  clutch  devices  71  and  72.  With  such  power 
transmission  through  the  friction  clutch  devices  65  and  66,  an  engine-braking  state  is  obtained  in  the 
situation  in  which  the  vehicle  is  coasting.  _ 

Further  in  the  case  of  a  reverse  speed  range,  the  first  one-way  clutch  device  71  is  locked,  the  second 

45  friction  clutch  device  62  is  held  in  engagement,  and  the  follower  gear  84  is  coupled  through  the  sleeve  86  to 
the  output  shaft  30.  Accordingly,  the  rotation  of  the  input  shaft  20  is  transmitted  through  the  first  one-way 
clutch  device  71,  the  second  gear  train  II,  the  second  friction  clutch  device  62,  the  counter  shaft  40  and  the 
fourth  gear  train  IV  to  the  output  shaft  30.  In  such  a  transmitting  path,  the  fourth  gear  train  IV  is  provided 
with  the  idle  gear  83  and  therefore  the  direction  of  rotation  of  the  output  shaft  30  is  reversed. 

so  In  the  embodiment  mentioned  above,  the  fourth  friction  clutch  device  64  for  constituting  the 
transmitting  path  for  the  lower  speed  ranges,  that  is,  the  first  and  second  speed  ranges  is  arranged  to  have 

an  increased  diameter  at  the  position  behind  the  counter  shaft  40.  This  results  in  that  an  increased  capacity 
for  transmitting  power  is  obtained  for  the  lower  speed  ranges  without  increasing  the  size  of  the  automatic 
transmission  1. 

55  Fig  6  shows  another  example  of  the  automatic  transmission  apparatus  according  to  the  present 
invention.  In  Fig.  6,  elements,  devices  and  parts  corresponding  to  those  of  Fig.  1  are  marked  with  the  same 
references  and  further  description  thereof  will  be  omitted. 

Referring  to  Fig.  6,  in  the  automatic  transmission  1  which  is  another  embodiment  of  automatic 
transmission  apparatus  according  to  the  present  invention,  the  front  end  of  the  input  shaft  20  is  coupled  to 

so  the  engine  output  shaft  3  through  a  buffer  disc  104  with  a  torsion  spring  1  03  for  moderating  shocks  inflicted 

on  the  occasion  of  the  change  of  speed  range  and  a  flywheel  1  02  fixed  to  the  end  of  the  engine  output  shaft 
3 

Further,  in  the  embodiment  shown  in  Fig.  6,  in  addition  to  the  arrangement  of  gears  and  clutch  devices 
in  the  embodiment  of  Fig.  6,  a  seventh  gear  57  formed  in  a  body  on  the  rear  portion  of  the  counter  shaft  40 

65  is  provided,  and  a  eighth  gear  58  is  loosely  fitted  on  the  output  shaft  30  to  be  normally  meshed  with  the 
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seventh  gear  57.  The  seventh  and  eighth  gears  57  and  58  thus  provided  constitute  a  fifth  gear  train  V.  The 
diameter  of  each  of  the  seventh  and  eighth  gears  57  and  58  is  so  arranged  that  the  fifth  gear  train  V  causes 
reduction  in  speed  with  a  speed  reducing  ratio  smaller  than  that  of  the  third  gear  train  III. 

Besides,  a  fifth  friction  clutch  device  67  is  provided  at  a  position  just  behind  the  third  friction  clutch 
device  63  on  the  output  shaft  30  for  connecting  the  eighth  gear  58  with  the  output  shaft  30  and 
disconnecting  the  eighth  gear  58  from  the  output  shaft  30.  This  fifth  friction  clutch  device  67  comprises  a 
drum  67a  incorporated  with  the  drum  63a  of  the  third  friction  clutch  device  63  to  be  coupled  with  the  ouptut 
shaft  30  through  splines  provided  on  the  latter,  a  hub  67b  incorporated  with  the  seventh  gear  57,  a  plurality 
of  friction  plates  67c  provided  between  the  drum  67a  and  the  hub  67b,  and  a  piston  67d  for  engaging  the 
friction  plates  67c  together  so  as  to  connect  the  drum  67a  with  the  bub  67b,  that  is,  to  connect  the  eight  gear 
58  with  the  output  shaft  30  when  an  operating  pressure  is  supplied  thereto. 

Then,  the  power  transmitting  state  at  each  speed  range  in  the  embodiment  of  Fig.  6  will  be  described 
with  reference  to  Table  2  mentioned  below  to  show  conditions  of  clutch  operation  and  Figs.  7  to  12  of  the 
accompanying  drawings  hereinafter.  In  Table  2,  each  circular  mark:  O  represents  that  the  friction  clutch 
device  is  held  in  engagement  to  transmit  power  or  the  one-way  clutch  device  is  locked  to  transmit  power, 
and  each  parenthesized  circular  mark:  (O)  represents  that  the  friction  clutch  device  is  held  in  engagement 
without  participating  in  power  transmission. 

Table   2 

10 

15 

20 

F i r s t   Second  Thi rd   F i f t h   F o u r t h  
f r i c t i o n   f r i c t i o n   f r i c t i o n   f r i c t i o n   f r i c t i o n  

Speed  c l u t c h   c l u t c h   c l u t c h   c l u t c h   c l u t c h  
r ange   d e v i c e   d e v i c e   dev i ce   d e v i c e   d e v i c e  

61  62  63  67  64 

1 0   0 
2  0  (O)  0 
3  O  O  (O) 
4  0  (0)  0  (0) 
5  (0)  0  (0) 
6  0  0  0  0  

25 

30 

35 

40 F i r s t   Second  F r i c t i o n  
one-way  one-way  c l u t c h  

Speed  c l u t c h   c l u t c h   d e v i c e s   f o r  
r ange   d e v i c e   d e v i c e   e n g i n e - b r a k i n g  

71  72  65  66 

1  0  0  0  0  
2  0  0  
3  0  0  
4 

5  0  0  
6 

45 

50 

55 

First,  in  the  case  of  the  first  speed  range,  the  second  and  fourth  friction  clutch  devices  62  and  64  are 
60  held  in  engagement,  and  the  first  and  second  one-way  clutch  devices  71  and  72  are  locked,  as  shown  in 

Table  2.  At  this  time,  as  indicated  with  portions  hatched  with  solid  lines  in  Fig.  7,  a  transmitting  path  which 
is  the  same  as  the  transmitting  path  constituted  for  the  first  speed  range  in  the  embodiment  of  Fig.  1  and 
shown  in  Fig.  2  is  made  up,  and  the  greatest  speed  reducing  ratio  for  the  first  speed  range  is  obtained 
through  the  second  and  third  gear  trains  II  and  III. 

65  In  the  case  of  the  second  speed  range,  the  first  friction  clutch  device  61  is  held  in  engagement  in 65 
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addition  to  the  condition  of  the  first  speed,  as  shown  in  Table  2.  At  this  time  also,  as  shown  in  Fig.  8,  a 
transmitting  path  which  is  the  same  as  the  transmitting  path  constituted  for  the  second  speed  range  in  the 
aforementioned  embodiment  of  Fig.  1  and  shown  in  Fig.  3  is  made  up,  and  a  speed  reducing  ratio  for  the 
second  speed  range  which  is  smaller  than  that  for  the  first  speed  range  is  obtained  through  the  first  and 

5  third  gear  trains  I  and  III. 
In  the  case  of  the  third  speed  range,  the  first  friction  clutch  device  61  is  released  and  the  second  and 

fifth  friction  clutch  devices  62  and  67  are  held  in  engagement,  as  shown  in  Table  2.  Accordingly,  as  shown 
in  Fig.  9,  the  rotation  of  the  input  shaft  20  is  transmitted  through  the  first  one-way  clutch  device  71,  the 
second  gear  train  II  and  the  second  friction  clutch  device  62  to  the  counter  shaft  40  in  the  same  manner  as 

io  the  case  of  the  first  speed  range,  and  further  transmitted  from  the  counter  shaft  40  through  the  seventh  and 

eighth  gears  57  and  58  constituting  the  fith  gear  train  V  and  the  fifth  friction  clutch  device  67  to  the  output 
shaft  30  In  such  a  transmitting  path,  since  the  total  speed  reducing  ratio  obtained  through  the  second  and 
fifth  gear  trains  II  and  V  is  smaller  than  that  obtained  through  the  first  and  third  gear  trains  I  and  III,  a  speed 
reducing  ratio  for  the  third  speed  range  which  is  smaller  than  that  for  the  second  speed  range  is  obtained. 

75  During  the  state  of  the  third  speed  range,  as  indicated  with  portions  hatched  with  broken  lines  in  Fig.  9, 
the  rotation  of  is  transmitted  through  the  third  gear  train  III  to  the  outer  race  72b  of  the  second  one-way 
clutch  device  72,  and  the  rotation  of  the  output  shaft  30  is  also  transmitted  through  the  fourth  friction  clutch 
device  64  to  the  inner  race  72a  of  the  second  one-way  clutch  device  72.  However,  since  the  second  one-way 
clutch  device  72  idles  with  the  inner  race  72a  rotating  at  speed  higher  than  that  of  the  outer  race  72b,  the 

20  rotation  of  the  counter  shaft  40  does  not  exert  any  harmful  influence  upon  the  rotation  of  the  output  shaft 
30. 

In  the  case  of  the  fourth  speed  range,  the  first  friction  clutch  device  61  is  held  in  engagement  in  addition 
to  the  condition  of  the  third  speed  range,  as  shown  in  Table  2.  At  this  time,  as  shown  in  Fig.  10,  the  rotation 
of  the  input  shaft  20  is  transmitted  through  the  first  friction  clutch  device  61  and  the  first  and  second  gears 

25  51  and  52  constituting  the  first  gear  train  I  to  the  counter  shaft  40,  and  further  transmitted  from  the  counter 
shaft  40  through  the  seventh  and  eighth  gears  57  and  58  constituting  the  fifth  gear  train  V  and  the  fifth 
friction  clutch  device  67  to  the  output  shaft  30.  In  such  a  transmitting  path,  the  rotation  of  the  input  shaft  20 
is  transmitted  to  the  counter  shaft  40  through  the  first  gear  train  I  having  the  speed  reducing  ratio  smaller 
than  that  of  the  second  gear  train  II  which  is  used  in  the  state  of  third  speed  range,  so  that  a  speed  reducing 

30  ratio  for  the  fourth  speed  range  which  is  smaller  than  that  for  the  third  speed  range  is  obtained. 
In  this  case,  although  the  second  and  fourth  friction  clutch  devices  62  and  64  are  held  in  engagement, 

the  first  one-way  clutch  device  71  idles  in  the  same  manner  as  the  case  of  hte  secodn  speed  range  and  the 
second  one-way  clutch  device  72  also  idles  in  the  same  manner  as  the  case  of  the  third  speed  range,  and 
therefore  the  power  can  not  be  transmitted  through  the  first  or  second  one-way  clutch  device  71  or  72. 

35  Further,  the  second  friction  clutch  device  62  is  released  appropriately  in  the  state  of  the  fourth  speed  range. 
In  the  case  of  the  fifth  speed  range,  the  first,  third  and  fourth  friction  clutch  devices  61,  63  and  64  are 

held  in  engagement  and  the  second  and  fifth  friction  clutch  devices  62  and  67  are  released,  as  shown  in 
Table  2.  At  this  time,  as  shown  in  Fig.  11,  a  transmitting  path  which  is  the  same  as  the  transmitting  path 
constituted  for  the  third  speed  range  in  the  aforementioned  embodiment  of  Fig.  1  and  shown  in  Fig.  4  is 

40  made  up,  and  a  so-called  directly  coupled  state  is  obtained. 
Further,  in  the  case  of  the  sixth  speed  range,  the  second  friction  clutch  device  62  is  held  in  engagement 

in  addition  to  the  condition  of  the  fifth  speed  range,  as  shown  in  Table  2.  In  this  case,  as  shown  in  Fig.  1  2,  a 
transmitting  path  which  is  the  same  as  the  transmitting  path  constituted  for  the  fourth  speed  range  in  the 
aforementioned  embodiment  of  Fig.  1  and  shown  in  Fig.  5  is  made  up  and  a  so-called  overdrive  state  for  the 

45  sixth  speed  range  is  obtained  in  the  same  manner  as  the  case  of  the  fourth  speed  range  in  the  embodiment 

In  such  a  manner  as  described  above,  four  gear  trains  I  to  III  and  V  juxtaposed  between  two  of  the 
input  output  and  counter  shafts  20,  30  and  40  are  selectively  brought  into  the  power  transmitting  state  in 
accordance  with  the  operation  of  each  of  the  first  to  fifth  friction  clutch  devices  61  to  64  and  67  and  the  first 

so  and  second  one-way  clutch  devices  71  and  72,  so  as  to  provide  six  forward  speed  rates.  Each  of  changes  to 
the  second  speed  range  from  the  first  speed  range,  to  the  fourth  speed  range  from  the  third  speed  range, 
and  to  the  sixth  speed  range  from  the  fifth  speed  range  is  effected  by  only  the  operation  of  one  of  the  first  to 
fifth  friction  clutch  devices  61  to  64  and  67,  and  each  of  the  changes  to  the  third  speed  range  from  the 
second  speed  range  and  to  the  fifth  speed  range  from  the  fourth  speed  range  is  effected  by  only  the 

55  operations  of  two  of  the  first  and  fifth  friction  clutch  devices  61  to  64  and  67. 
The  first  one-way  clutch  device  71  is  locked  to  transmit  power  during  the  state  of  the  first  speed  range, 

the  state  of  the  third  speed  range  and  the  state  of  the  fifth  speed  range,  and  the  second  one-way  clutch 
device  72  is  locked  to  transmit  power  during  the  state  of  the  first  speed  range  and  the  state  of  the  second 
speed  range.  However,  when  a  vehicle  to  which  the  embodiment  shown  in  Fig.  6  is  applied  is  coasting, 

so  each  of  the  first  and  second  one-way  clutch  devices  71  and  72  idles  over,  so  thatthe  automatic  transmission 
1  is  caused  to  be  in  a  neutral  state.  In  the  case  where  it  is  required  to  effect  engine-braking  in  a  situation  in 
which  the  vehicle  is  coasting,  the  friction  clutch  devices  65  and  66  for  engine-braking  are  caused  to  be  in 
engagement,  as  shown  in  Table  2,  so  as  to  transmit  power  in  place  of  the  first  and  second  one-way  clutch 
devices  71  and  72.  With  such  power  transmission  through  the  friction  clutch  devices  65  and.66,  the  engine- 

65  braking  state  is  obtained  in  the  situation  in  which  the  vehicle  is  coasting. 
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Further,  in  the  case  of  the  reverse  speed  range,  a  transmitting  path  which  is  the  same  as  the 
transmitting  path  constituted  for  the  reverse  speed  range  in  the  aforementioned  embodiment  of  Fig.  1  is 
made  up. 

Fig.  13  shows  a  portion  of  a  further  example  of  the  automatic  transmission  apparatus  according  to  the 
5  present  invention.  In  Fig.  6,  elements,  devices  and  parts  corresponding  to  those  of  Fig.  6  are  marked  with 

the  same  references  and  further  description  thereof  will  be  omitted. 
In  the  embodiment  shown  in  Fig.  13,  the  front  end  of  the  input  shaft  20  is  coupled  to  the  engine  output 

shaft  3  through  a  friction  clutch  device  96  of  a  dry  type  and  the  flywheel  102  fixed  to  the  end  of  the  engine 
output  shaft  3,  and  a  friction  clutch  device  95  of  a  wet  multi-plate  type  is  provided  on  the  input  shaft  20  for 

io  connecting  the  first  gear  51  with  the  input  shaft  20  and  disconnecting  the  first  gear  51  from  the  input  shaft 
20  in  place  of  the  first  friction  clutch  device  61  employed  in  the  embodiment  shown  in  Fig.  6.  Further,  a  gear 
97  is  formed  in  a  body  on  the  counter  shaft  40  in  place  of  the  arrangement  comprising  the  fourth  gear  54 
and  the  second  friction  clutch  device  62  which  is  employed  in  the  embodiment  shown  in  Fig.  6.  The  gear  97 
is  meshed  with  the  third  gear  53  so  as  to  constitute  the  second  gear  train  II  together  with  the  third  gear  53. 

is  The  remaining  portions  are  constructed  in  the  same  manner  as  the  embodiment  shown  in  Fig.  6. 
The  friction  clutch  device  96  of  a  dry  type  has  a  diaphragm  spring  96e,  a  pressure  plate  96g  engaged 

with  the  diaphragm  spring  96e,  a  friction  plate  96f  provided  on  the  input  shaft  20  to  be  disposed  between 
the  pressure  plate  96g  and  the  flywheel  102,  and  a  release  thrust  bearing  96i  provided  movably  on  the  input 
shaft  20  at  the  back  of  the  diaphragm  spring  96e.  When  the  friction  plate  96f  is  pressed  against  the  flywheel 

20  102  by  the  pressure  plate  96g  forced  by  the  diaphragm  spring  96e,  the  rotation  of  the  engine  output  shaft  3 
is  transmitted  through  the  flywheel  102  and  the  friction  plate  96f  to  the  input  shaft  20.  On  the  other  hand, 
when  the  release  thrust  bearing  961  is  shifted  toward  the  flywheel  102  along  the  input  shaft  20  by  a  release 
lever  96h  automatically  controlled  through  a  hydraulic  actuator  (not  shown),  the  pressure  plate  96g  is 
released  from  the  action  of  the  diaphragm  spring  96e  so  that  the  rotation  of  the  engine  output  shaft  3  is 

25  prevented  from  being  transmitted  to  the  input  shaft  20. 
The  friction  clutch  device  95  comprises  a  drum  95a  coupled  with  the  input  shaft  20  through  splines 

provided  on  the  latter,  a  hub  95b  incorporated  with  the  first  gear  51,  a  plurality  of  friction  plates  95c 
provided  between  the  drum  95a  and  the  hub  95b  to  be  connected  alternately  to  the  drum  95a  and  the  hub 
95b,  respectively,  and  a  piston  95d  for  engaging  the  friction  plates  95c  together  so  as  to  connect  the  drum 

30  95a  with  the  humb  96b,  that  is,  to  connect  the  first  gear  51  with  the  input  shaft  20  when  an  operating 
pressure  is  supplied  thereto. 

With  the  configuration  thus  constituted,  in  the  case  of  the  first  speed  range,  the  friction  clutch  device  96 
and  the  fourth  friction  clutch  device  64,  which  is  provided  in  the  same  manner  as  that  in  the  embodiment  of 
Fig.  6  though  it  is  not  shown  in  Fig.  13,  are  held  in  engagement  and  the  first  one-way  clutch  device  71  is 

35  locked.  At  this  time,  as  indicated  with  portions  hatched  with  solid  lines  in  Fig.  14,  the  rotation  of  the  engine 
output  shaft  3  is  transmitted  through  the  friction  clutch  device  96  to  the  input  shaft  20,  and  further 
transmitted  from  the  input  shaft  20  through  the  first  one-way  clutch  device  71,  the  second  gear  train  II 
formed  with  the  third  gear  53  and  the  gear  97  to  the  counter  shaft  40.  Then,  the  rotation  delivered  to  the 
counter  shaft  40  is  transmitted  furthermore  to  the  output  shaft  30  in  the  same  manner  as  that  transmitted  in 

40  the  state  of  the  first  speed  range  in  the  embodiment  of  Fig.  6.  In  such  a  transmitting  path,  the  greatest  speed 
reducing  ratio  for  the  first  speed  range  is  obtained  in  such  a  manner  as  aforementioned  in  connection  with 
the  embodiment  of  Fig.  6. 

In  the  case  of  the  second  speed  range,  the  friction  clutch  device  95  is  held  in  engagement  in  addition  to 
the  condition  of  the  first  speed.  Accordingly,  as  shown  in  Fig.  15,  the  rotation  delivered  to  the  input  shaft  20 

45  through  the  friction  clutch  device  96  is  transmitted  through  the  friction  clutch  device  95  and  the  first  and 
second  gears  51  and  52  constituting  the  first  gear  train  I  to  the  counter  shaft  40.  Then,  the  rotation  delivered 
to  the  counter  shaft  40  is  further  transmitted  to  the  output  shaft  30  in  the  same  manner  as  that  transmitted 
in  the  state  of  the  second  speed  range  in  the  embodiment  of  Fig.  6.  In  this  transmitting  path,  since  the  speed 
reducing  ratio  of  the  first  gear  train  I  is  smaller  than  that  of  the  second  gear  train  II  used  for  the  first  speed 

so  range,  a  speed  reducing  ratio  for  the  second  speed  range  which  is  smaller  than  that  for  the  first  speed  range 
is  obtained. 

In  this  case,  the  change  to  the  second  speed  range  from  the  first  speed  range  is  effected  by  only  the 
engaging  action  of  the  friction  clutch  device  95,  and  the  rotation  delivered  to  the  counter  shaft  40  is 
transmitted  to  the  gear  97  and  the  third  gear  53,  as  indicated  with  portions  hatched  with  broken  lines  in  Fig. 

55  15.  However,  since  the  first  one-way  clutch  device  71  idles  with  the  outer  race  71a  rotating  at  the  speed 
higher  than  that  of  the  input  shaft  20,  the  rotation  delivered  to  the  input  shaft  20  can  not  be  transmitted 
through  the  second  gear  train  II  to  the  counter  shaft  40. 

In  the  case  of  the  third  speed  range,  the  friction  clutch  devices  96  and  95,  the  third  friction  clutch  device 
63  and  the  first  one-way  clutch  device  71  are  set  in  the  same  manner  as  those  in  the  state  of  the  first  speed 

60  range  shown  in  Fig.  14.  With  such  an  arrangement,  a  speed  reducing  ratio  for  the  third  speed  range  which 
is  smaller  than  that  for  the  second  speed  range  is  obtained  in  such  a  manner  as  aforementioned  in 
connection  with  the  third  speed  range  in  the  embodiment  of  Fig.  6. 

In  the  case  of  the  fourth  speed  range,  the  friction  clutch  devices  96  and  95,  the  third  friction  clutch 
device  63  and  the  first  one-way  clutch  device  71  are  set  in  the  same  manner  as  those  in  the  state  of  the 

65  second  speed  range  shown  in  Fig.  15.  With  such  an  arrangement,  a  speed  reducing  ratio  for  the  fourth 

10 
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speed  range  which  is  smaller  than  that  for  the  third  speed  range  is  obtained  in  such  a  manner  as 
aforementioned  in  connection  with  the  fourth  speed  range  in  the  embodiment  of  Fig.  6.  In  this  case  also, 
the  rotation  delivered  to  the  counter  shaft  40  is  transmitted  to  the  gear  97  and  the  third  gear  53  to  the  outer 
race  71a  of  the  first  one-way  clutch  device  71.  However,  since  the  first  one-way  clutch  device  71  idles  with 

5  the  outer  race  71  a  rotating  at  the  speed  higher  than  that  of  the  input  shaft  20,  the  rotation  of  the  outer  race 
71a  does  not  exert  any  harmful  influence  upon  the  rotation  of  the  input  shaft  20. 

In  the  case  of  the  fifth  speed  range,  the  friction  clutch  device  96  and  the  third  and  fourth  friction  clutch 
devices  63  and  64  are  held  in  engagement,  the  friction  clutch  device  95  and  the  fifth  friction  clutch  device 
67,  which  is  provided  in  the  same  manner  as  that  in  the  embodiment  of  Fig.  6  though  it  is  not  shown  in  Fig. 

io  13  are  released,  and  the  first  one-way  clutch  device  71  is  locked.  Accordingly,  as  shown  in  Fig.  16,  the 
rotation  of  the  input  shaft  20  is  transmitted  through  the  first  one-way  clutch  device  71  and  the  third  friction 
clutch  device  63  to  the  output  shaft  30.  This  transmitting  path  does  not  include  any  gear  train  and  therefore 
the  directly  coupled  state  is  o b t a i n e d . .   ,  ...  ^ 

During  the  state  of  the  fifth  speed  range,  the  fourth  friction  clutch  device  64  is  held  in  engagement,  and 
15  the  rotation  delivered  to  the  output  shaft  30  is  transmitted  through  the  fourth  friction  clutch  device  64  to  the 

inner  race  72a  of  the  second  one-way  clutch  device  72  which  is  provided  in  the  same  manner  as  that  in  the 
embodiment  of  Fig.  6  though  it  is  not  shown  in  Fig.  13.  However,  since  the  second  one-way  clutch  device  72 
idles  with  the  inner  race  72a  rotating  at  the  speed  higher  than  that  of  the  outer  race  72b,  the  rotation  of  the 
inner  race  72a  does  not  exert  any  harmful  influence  upon  the  rotation  of  the  output  shaft  30. 

20  Further,  in  the  case  of  the  sixth  speed  range,  the  friction  clutch  device  95  is  held  in  engagement  in 
addition  to  the  condition  of  the  fifth  speed  range.  Accordingly,  as  shown  in  Fig.  17,  the  rotation  of  the  input 
shaft  20  is  transmitted  through  the  friction  of  the  friction  clutch  device  95  and  the  first  and  second  gears  51 
and  52  constituting  the  first  gear  train  I  to  the  counter  shaft  40,  and  further  transmitted  from  the  counter 
shaft  40  through  the  gear  97  and  the  third  gear  53  constituting  the  second  gear  train  II  and  the  third  friction 

25  clutch  device  63  to  the  output  shaft  30.  In  such  a  transmitting  path,  the  rotation  is  transmitted  from  the 
counter  shaft  40  to  the  output  shaft  30  through  the  second  gear  train  II  wherein  the  rotation  of  the  gear  97  is 
transmitted  to  the  third  gear  53  which  has  a  diameter  smaller  than  that  of  the  gear  97  and  therefore  the 
rotation  of  the  third  gear  53  is  increased  compared  with  the  rotation  of  the  gear  97.  Consequently,  the 
overdrive  state  for  the  six  speed  range  is  established.  The  first  and  second  one-way  clutch  devices  71  and 

30  72  idle  over,  respectively. 
In  such  a  manner  as  described  above,  each  of  six  forward  speed  ranges  is  provided  selectively  with  for 

gear  trains  I  to  III  and  V,  six  friction  clutch  devices  61,  63,  64,  67,  95  and  96  and  the  two  one-way  clutch 
devices  71  and  72. 

In  this  embodiment  shown  in  Fig.  13,  the  friction  clutch  device  96  which  transmits  therethrough  a 
35  relatively  large  torque  for  starting  a  vehicle  employing  the  embodiment  is  constituted  with  a  dry  friction 

clutch  device  and  disposed  in  front  of  the  front  end  of  the  counter  shaft  40.  This  results  in  that  the  friction 
clutch  device  96  can  be  so  arranged  to  have  an  increased  diameter  without  increasing  the  size  of  the 
automatic  transmission  1,  so  that  an  increased  capacity  for  transmitting  torque  is  obtained  when  the 
vehicle  starts  running.  Further,  in  general,  the  dry  friction  clutch  device  can  be  recovered  to  have  an 

40  appropriate  ability  for  transmitting  power  with  simple  adjustment  even  though  the  friction  plate  is  a  little 
worn  out,  and  therefore  the  friction  clutch  device  96  used  for  transmitting  the  large  torque  in  order  to  start 
the  vehicle  is  improved  in  durability. 

Further,  when  a  vehicle  to  which  the  embodiment  of  Fig.  13  is  applied  is  coasting  and  the  first  and 
second  one-way  clutch  devices  71  and  72  is  disengaged,  the  engine-braking  state  can  be  obtained  with 

45  operations  of  the  friction  clutch  devices  65  and  66,  which  are  provided  in  the  same  manner  as  those  in  the 
embodiment  of  Fig.  6  though  it  is  not  shown  in  Fig.  13,  in  such  a  manner  as  aforementioned  in  connection 
with  the  embodiment  of  Fig.  6. 

Besides,  in  the  case  of  the  reverse  speed  range,  a  transmitting  path  which  is  the  same  is  the 
transmitting  path  constituted  for  the  reverse  speed  range  in  the  embodiment  of  Fig.  6  is  made  up. 

so  Fig.  18  shows  a  still  further  example  of  the  automatic  transmission  apparatus  according  to  the  present 
invention.  This  embodiment  corresponds  to  an  automatic  transmission  apparatus  which  is  obtained  by 
modifying  the  above  mentioned  embodiment  shown  in  Fig.  13  to  eliminate  the  second  one-way  clutch 
device  72  and  the  friction  clutch  device  66  therefrom,  so  as  to  have  five  forward  speed  ranges. 

With  the  configuration  thus  constituted,  in  the  case  of  the  first  speed  range,  the  friction  clutch  device  96 
55  and  the  fourth  friction  clutch  device  64  are  held  in  engagement  and  the  first  one-way  clutch  device  71  is 

locked.  At  this  time,  the  rotation  of  the  engine  output  shaft  3  is  transmitted  to  the  counter  shaft  40  in  the 
same  manner  as  that  transmitted  in  the  state  of  the  first  speed  range  in  the  embodiment  of  Fig.  13.  Then, 
the  rotation  delivered  to  the  counter  shaft  40  is  transmitted  through  the  fifth  and  sixth  gears  55  and  56 
constituting  the  third  gear  train  III  and  the  fourth  friction  clutch  device  64  to  the  output  shaft  30.  In  such  a 

60  transmitting  path,  the  greatest  speed  reducing  ratio  for  the  first  speed  range  is  obtained. 
In  the  case  of  the  second  speed  range,  the  friction  clutch  device  95  is  held  in  engagement  in  addition  to 

the  condition  of  the  first  speed.  Accordingly,  the  rotation  delivered  to  the  input  shaft  20  through  the  friction 
clutch  device  96  is  transmitted  to  the  counter  shaft  40  in  the  same  manner  as  that  transmitted  in  the  state  of 
the  second  speed  range  in  the  embodiment  of  Fig.  13.  Then  the  rotation  delivered  to  the  counter  shaft  40  is 

65  transmitted  to  the  output  shaft  30  in  the  same  manner  as  that  transmitted  in  the  state  of  the  first  speed 
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range.  In  this  transmitting  path,  since  the  speed  reducing  ratio  of  the  first  gear  train  I  is  smaller  than  that  of 
the  second  gear  train  II  used  for  the  first  speed  range,  a  speed  reducing  ratio  for  the  second  speed  range 
which  is  smaller  than  that  for  the  first  speed  range  is  obtained. 

In  this  case,  the  change  to  the  second  speed  range  from  the  first  speed  range  is  effected  by  only  the 
5  engaging  action  of  the  friction  clutch  device  95  in  the  same  manner  as  the  embodiment  of  Fig.  13. 

In  the  case  of  the  third  speed  range,  the  friction  clutch  devices  96  and  95  and  the  first  one-way  clutch 
device  71  are  set  in  the  same  manner  as  those  in  the  state  of  the  second  speed  range.  In  addition,  the  fifth 
friction  clutch  device  67  is  held  in  engagement  and  the  fourth  friction  clutch  64  is  released.  With  such  an 
arrangement,  a  speed  reducing  ratio  for  the  third  speed  range  which  is  smaller  than  that  for  the  second 

10  speed  range  is  obtained  in  such  a  manner  as  aforementioned  in  connection  with  the  fourth  speed  range  in 
the  embodiment  of  Fig.  13. 

In  the  case  of  the  fourth  speed  range,  the  friction  clutch  device  96  and  the  third  friction  clutch  device  63 
are  held  in  engagement,  the  friction  clutch  device  95  and  the  fourth  and  fifth  friction  clutch  devices  64  and 
67  are  released,  and  the  first  one-way  clutch  device  71  is  locked.  Accordingly,  the  rotation  of  the  input  shaft 

is  20  is  transmitted  through  the  first  one-way  clutch  device  71  and  the  third  friction  clutch  device  63  to  the 
output  shaft  30.  This  transmitting  path  does  not  include  any  gear  train  and  therefore  the  directly  coupled 
state  is  obtained. 

Further,  in  the  case  of  the  fifth  speed  range,  the  friction  clutch  device  95  is  held  in  engagement  in 
addition  to  the  condition  of  the  fourth  speed  range.  Accordingly,  the  rotation  of  the  input  shaft  20  is 

20  transmitted  to  the  output  shaft  30  in  the  same  manner  as  that  transmitted  in  the  state  of  the  sixth  speed 
range  in  the  embodiment  of  Fig.  13.  In  such  a  transmitting  path,  the  rotation  is  transmitted  from  the  counter 
shaft  40  to  the  output  shaft  30  through  the  second  gear  train  II  wherein  the  rotation  of  the  gear  97  is 
transmitted  to  the  third  gear  53  which  has  a  diameter  smaller  than  that  of  the  gear  97  and  therefore  the 
rotation  of  the  third  gear  53  is  increased  compared  with  the  rotation  of  the  gear  97.  Consequently,  the 

25  overdrive  state  for  the  fifth  speed  range  is  established. 
In  such  a  manner  as  described  above,  each  of  five  forward  speed  ranges  is  provided  selectively  with 

four  gear  trains  I  to  III  and  V,  six  friction  clutch  devices  61,  63,  64,  67,  95  and  96  and  the  one-way  clutch 
device  71  . 

Further,  when  a  vehicle  to  which  the  embodiment  of  Fig.  18  is  applied  is  coasting  and  the  first  and 
30  second  one-way  clutch  devices  71  is  disengaged,  the  engine-braking  state  can  be  obtained  with  the 

operation  of  the  friction  clutch  devices  65  which  is  provided  in  the  same  manner  as  that  in  each  of  the 
embodiments  of  Figs.  6  and  13. 

Besides,  in  the  case  of  the  reverse  speed  range,  a  transmitting  path  which  is  the  same  as  the 
transmitting  path  constituted  for  the  reverse  speed  range  in  each  of  the  embodiments  of  Figs.  6  and  13  is 

35  made  up. 

Claims 

1.  An  automatic  transmission  apparatus  having  an  input  shaft  (20),  an  output  shaft  (30)  disposed 
40  behind  and  coaxially  with  the  input  shaft  (20)  and  a  counter  shaft  (40)  disposed  in  substantially  parallel  to 

both  the  input  and  output  shafts  (20,  30),  a  gear  train  and  clutch  arrangement  comprising: 
a  first  gear  train  (I)  including  a  first  gear  (51)  provided  on  the  input  shaft  (20)  and  a  second  gear  (52) 

provided  on  the  counter  shaft  (40)  to  be  meshed  with  the  first  gear  (51)  so  as  to  form  a  first  power 
transmitting  path, 

45  first  friction  clutch  means  (61  ;  95)  operative  selectively  to  make  and  break  the  first  power  transmitting 
path, 

a  second  gear  train  (II)  including  a  third  gear  (53)  provided  through  one-way  clutch  means  (71)  on  a  rear 
end  portion  of  the  input  shaft  (20)  and  a  fourth  gear  (54;  97)  provided  on  the  counter  shaft  to  be  meshed 
with  the  third  gear  (53)  so  as  to  form  a  second  power  transmitting  path, 

so  second  friction  clutch  means  (63)  provided  at  a  front  end  portion  of  the  output  shaft  (30)  and  operative 
selectively  to  make  and  break  a  third  power  transmitting  path  from  the  input  shaft  (20)  through  the  one-way 
clutch  means  (71)  to  the  output  shaft  (30), 

a  third  gear  train  (III)  including  a  fifth  gear  (55)  provided  on  a  rear  end  portion  of  the  counter  shaft  (40) 
and  a  sixth  gear  (56)  provided  on  the  output  shaft  (30)  to  be  meshed  with  the  fifth  gear  (55)  so  as  to  form  a 

55  fourth  power  transmitting  path,  and 
third  friction  clutch  means  (64)  operative  selectively  to  make  and  break  the  fourth  power  transmitting 

path, 
characterized  in  an  additional  one-way  clutch  means  (72)  provided  between  the  output  shaft  (30)  and  the 
sixth  gear  (56). 

eo  2.  An  automatic  transmission  apparatus  according  to  claim  1,  characterized  in  that  the  gear  train  and 
clutch  arrangement  further  comprises  fourth  friction  clutch  means  (62)  operative  selectively  to  make  and 
break  the  second  power  transmitting  path. 

3.  An  automatic  transmission  apparatus  according  to  claim  2,  characterized  in  that  the  gear  train  and 
clutch  arrangement  further  comprises  a  fourth  gear  train  (V)  including  seventh  gear  (57)  provided  on  the 

65  counter  shaft  (40)  and  an  eighth  gear  (58)  provided  on  the  output  shaft  (30)  to  be  meshed  with  the  seventh 
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gear  (57)  so  as  to  form  a  fifth  power  transmitting  path,  and  fifth  friction  clutch  means  (67)  operative 
selectively  to  make  and  break  the  fifth  power  transmitting  path.  thattho 

4.  An  automatic  transmission  apparatus  according  to  any  one  of  claims  1  to  3,  characterized  in  that  the 

gear  train  and  clutch  arrangement  further  comprises  at  least  one  additional  friction  clutch  means  (65;  66) 

s  provided  in  a  substantially  parallel  relation  to  one  of  the  one-way  clutch  means  (71)  and  the  additional  one- 

way  clutch  means  (72)  to  be  used  for  engine-braking.  ^orhori  in  that 
5  An  automatic  transmission  apparatus  according  to  any  one  of  claims  2  to  4,  characterized  in  that 

each  of  the  first,  second,  third  and  fourth  friction  clutch  means  (61  ;  95,  63,  64,  62,  67)  comprises  a  wet  multi- 

w  
Plate6.0AnCautoematTc  transmission  apparatus  according  to  any  one  of  claims  1  to  5,  characterized  in  that  the 

gear  train  and  clutch  arrangement  further  comprises  a  dry  friction  clutch  device  (96)  for  coupling  said  input 
shaft  (20)  with  an  output  shaft  (3)  of  an  e n g i n e . . . .   ttl,Q 

7  An  automatic  transmission  apparatus  according  to  any  one  of  claims  2  to  6,  characterized  in  that  the 
second  and  fourth  power  transmitting  paths  are  made  for  the  first  speed  range,  the  first  and  fourth  power 

is  transmitting  paths  are  made  for  the  second  speed  range,  the  third  power  transmitting  path  is  made  for  the 

third  speed  range,  and  the  first  and  second  power  transmitting  paths  and  a  supplemental  power 
transmitting  paths  from  the  second  gear  train  (II)  through  the  second  friction  clutch  means  (63)  to  the 

output  shaft  (30)  are  made  for  the  fourth  speed  range.  '  
.  iU  ♦♦u 

8  An  automatic  transmission  apparatus  according  to  any  one  of  claims  3  to  7,  characterized  in  that  the 

20  second  and  fourth  power  transmitting  paths  are  made  for  the  first  speed  range,  the  first  and  fourth  power 
transmitting  paths  are  made  for  the  second  speed  range,  the  second  and  fifth  power  transmitting  paths  are 
made  for  the  third  speed  range,  the  first  and  fifth  power  transmitting  paths  are  made  for  the  fourth  speed 

range,  the  third  power  transmitting  path  is  made  for  the  fifth  speed  range,  and  the  first  and  second  power 
transmitting  paths  and  a  supplemental  power  transmitting  path  from  the  second  gear  train  (II)  through  the 

25  second  friction  clutch  means  (63)  to  the  output  shaft  (30)  are  made  for  the  sixth  speed  range 
9  An  automatic  transmission  apparatus  according  to  any  one  of  claims  1  to  8,  characterized  in  that  the 

third  friction  clutch  means  (64)  makes  the  fourth  power  transmitting  path  to  be  used  for  lower  speed  ranges 
and  arranged  to  have  a  diameter  larger  than  that  of  each  of  said  first  and  second  friction  clutch  means  (61  ; 

3n  
95'  To."  An  automatic  transmission  apparatus  according  to  any  one  of  claims  1  to  9,  characterized  in  that  the 

gear  train  and  clutch  arrangement  further  comprises  a  reverse  gear  train  (IV)  which  includes  a  driving  gear 
(81)  provided  on  the  counter  shaft  (40),  an  idle  gear  (83)  provided  on  an  idle  shaft  (82)  to  be  meshed  with 

the  driving  gear  (81)  and  a  follower  gear  (84)  provided  on  the  output  shaft  (30)  to  be  meshed  with  the  idle 

gear  (83)  so  as  to  form  an  additional  power  transmitting  path  for  a  reverse  speed  range,  and  coupling 

3S  means  (86,  87)  for  making  the  additional  power  transmitting  path  effective  and  ineffective  selectively. 

Patentanspruche 

1.  Automatisches  Getriebe  mit  einer  Eingangswelle  (20),  einer  hinter  der  Eingangswelle  (20)  und 
40  koaxial  dazu  angeordneteh  Ausgangswelle  (30)  und  einer  im  wesentlichen  parallel  sowohl  zur  Eingangs- 

als  auch  Ausgangswelle  (20,  30)  angeordneten  Gegenwelle  (40),  wobei  eine  Getriebezug-  und  Kupplungs- 
anordnung  aufweist: 

einen  ersten  Getriebezug  (I)  mit  einem  auf  der  Eingangswelle  (20)  vorgesehenen  ersten  Zahnrad  (51) 
und  einem  auf  der  Gegenwelle  (40)  vorgesehenen  und  mit  dem  ersten  Zahnrad  (51)  zum  Bilden  eines 

45  ersten  Kraftiibertragungsweges  in  Eingriff  zu  bringenden  zweiten  Zahnrad  (52), 
eine  zum  Bilden  und  Losen  des  ersten  Kraftubertragungswebes  wahlweise  betreibbare  ersten  Rei- 

bungskupplungseinrichtung, 
einen  zweiten  Getriebezug  (II)  mit  einem  durch  eine  Einwegkupplungseinrichtung  (71)  auf  einem 

hinteren  Endabschnitt  der  Eingangswelle  (20)  gebildeten  dritten  Zahnrad  (53)  und  einem  auf  der 
so  Gegenwelle  vorgesehenen  vierten  Zahnrad  (54;  97),  das  mit  dem  dritten  Zahnrad  (53)  zum  Bilden  eines 

zweiten  Kraftubertragungsweges  in  Eingriff  zu  bringen  ist, 
eine  am  vorderen  Endabschnitt  der  Ausgangswelle  (30)  vorgesehene  und  zum  Bilden  und  Losen  eines 

dritten  Kraftubertragungsweges  von  der  Eingangswelle  (20)  durch  die  Einwegkupplungseinrichtung  (71) 
zur  Ausgangswelle  wahlweise  betreibbaren  zweiten  Reibungskupplungseinrichtung  (63), 

55  einen  dritten  Getriebezug  (III)  mit  einem  auf  einem  hinteren  Endabschnitt  der  Gegenwelle  (40)  vor- 
gesehenen  fiinften  Zahnrad  (55)  und  einem  auf  der  Ausgangswelle  (30)  vorgesehenen  sechsten  Zahnrad 
(56),  das  zum  Bilden  eines  vierten  Kraftubertragungsweges  in  Eingriff  mit  dem  fiinften  Zahnrad  55  zu 
bringen  ist,  und 

eine  zum  Bilden  und  Losen  des  vierten  Kraftubertragungsweges  wahlweise  betreibbare  dritte 
60  Reibungskupplungseinrichtung, 

gekennzeichnet  durch  eine  zwischen  der  Ausgangswelle  (30)  und  dem  sechsten  Zahnrad  (56)  vor- 
gesehene  zusatzliche  Einwegkupplungseinrichtung  (72). 

2.  Automatisches  Getriebe  nach  Anspruch  1,  dadurch  gekennzeichnet,  dalS  die  Getriebezug-  und  Kup- 
plungsanordnung  weiter  eine  vierte  Reibungskupplungseinrichtung  (62)  aufweist,  die  zum  Bilden  und 

65  Losen  des  zweiten  Kraftiibertrangungsweges  wahlweise  betreibbar  ist. 
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3.  Automatisches  Getriebe  nach  Anspruch  2,  dadurch  gekennzeichnet,  dalS  die  Getriebezug-  und  Kup- 
plungsanordnung  weiter  einen  vierten  Getriebezug  (V)  mit  einem  auf  der  Gegenwelle  (40)  vorgesehenen 
siebten  Zahnrad  (57)  und  einem  auf  der  Ausgangswelle  (30)  vorgesehenen  achten  Zahnrad  (58),  das  zur 
Bildung  eines  funften  Kraftubertragungsweges  in  Eingriff  mit  dem  siebten  Zahnrad  (57)  zu  bringen  ist,  und 

5  eine  fiinfte  Reibungskupplungseinrichtung  (67)  aufweist,  die  zum  Bilden  und  Losen  des  funften 
Kraftubertragungsweges  wahlweise  betreibbar  ist. 

4.  Automatisches  Getriebe  nach  einem  der  Anspruche  1  bis  3,  dadurch  gekennzeichnet,  dalS  die 
Getriebezug-  und  Kupplungsanordnung  weiter  wenigstens  eine  in  einer  im  wesentlichen  parallelen 
Relation  zu  der  zur  Motorbremsung  benutzten  Einwegkupplungseinrichtung  (71)  oderzusatzlichen  Einweg- 

10  kupplungseinrichtung  (72)  vorgesehene  zusatzliche  Reibungskupplungseinrichtung  (65;  66)  aufweist. 
5.  Automatisches  Getriebe  nach  einem  der  Anspruche  2  bis  4,  dadurch  gekennzeichnet,  dalS  jede  von 

erster,  zweiter,  dritter  oder  vierter  Reibungskupplungseinrichtung  (61  ;  95,  63,  64,  62,  67)  eine  Mehrplatten- 
NaBkupplung  aufweist. 

6.  Automatisches  Getriebe  nach  einem  der  Anspruche  1  bis  5,  dadurch  gekennzeichnet,  date  die 
15  Getriebezug-  und  Kupplungsanordnung  weiter  eine  Reibungstrockenkupplungseinrichtung  (96)  zum 

Kuppeln  der  Eingangswelle  (20)  mit  einer  Ausgangswelle  (3)  eines  Motors  aufweist. 
7.  Automatisches  Getriebe  nach  einem  der  Anspruche  2  bis  6,  dal3  der  zweite  und  vierte  Krafttibertra- 

gungsweg  fur  den  ersten  Gangbereich,  der  erste  und  vierte  Kraftubertragungsweg  fur  den  zweiten  Gang- 
bereich,  der  dritte  Kraftubertragungsweg  fur  den  dritten  Gangbereich  und  der  erste  und  zweite 

20  Kraftubertragungsweg  und  ein  erganzender  Kraftubertragungsweg  von  dem  zweiten  Getriebezug  (II)  durch 
die  zweite  Reibungskupplungseinrichtung  (63)  zur  Ausgangswelle  (30)  fur  den  vierten  Gangbereich 
gebildet  sind. 

8.  Automatisches  Getriebe  nach  einem  der  Anspruche  3  bis  7,  dadurch  gekennzeichnet,  dalS  der  zweite 
und  vierte  Kraftubertragungsweg  fur  den  ersten  Gangbereich,  der  erste  und  vierte  Kraftubertragungsweg 

25  fur  den  zweiten  Gangbereich,  der  zweite  und  fiinfte  Kraftubertragungsweg  fur  den  dritten  Gangbereich,  der 
erste  und  fiinfte  Kraftubertragungsweg  fur  den  vierten  Gangbereich,  der  dritten  Kraftubertragungsweg  fur 
den  funften  Gangbereich  und  der  erste  und  zweite  Kraftubertragungsweg  und  ein  erganzender  Kraftuber- 
tragungsweg  von  dem  zweiten  Getriebezug  (II)  durch  die  zweite  Reibungskupplungseinrichtung  (63)  zur 
Ausgangswelle  (30)  fur  den  sechsten  Gangbereich  gebildet  sind. 

30  9.  Automatisches  Getriebe  nach  einem  der  Anspriiche  1  bis  8,  dadurch  gekennzeichnet,  dalS  die  dritte 
Reibungskupplungseinrichtung  (64)  den  vierten  Kraftubertragungsweg  bildet,  der  fur  niedrigere  Gang- 
bereiche  zu  benutzen  ist  und  so  angeordnet  ist,  dalS  er  einen  gegeniiber  der  ersten  und  zweiten  Reibungs- 
kupplungseinrichtung  (61;  95,  63)  groSeren  Durchmesser  aufweist. 

10.  Automatisches  Getriebe  nach  einem  der  Anspruche  1  bis  9,  dadurch  gekennzeichnet,  da(S  die 
35  Getriebezug-  und  Kupplungseinrichtung  weiter  einen  Ruckwartsgetriebezug  (IV)  aufweist,  welcher  ein  auf 

der  Gegenwelle  (40)  vorgesehenes  Antriebszahnrad  (81),  ein  auf  einer  Zwischenwelle  (82)  vorgesehenes 
und  mit  dem  Antriebszahnrad  (81)  in  Eingriff  zu  bringendes  Zwischenzahnrad  (82)  und  ein  auf  der 
Ausgangswelle  (30)  vorgesehenes  und  mit  dem  Zwischenzahnrad  (83)  zur  Bildung  eines  zusatzlichen 
Kraftubertragungsweges  fur  einen  Ruckwartsgangbereich  in  Eingriff  zu  bringendes  Nachfolgerzahnrad 

40  sowie  eine  Kupplungseinrichtung  (86,  87)  zum  wahlweisen  Wirksam-  und  Unwirksammachen  des  zusatz- 
lichen  Kraftubertragungsweges  umfaSt. 

Revendications 

45  1.  Botte  de  vitesses  automatique  ayant  un  arbre  d'entree  (20),  un  arbre  de  sortie  (30)  dispose  derriere 
I'arbre  d'entree  (20)  et  coaxialement  a  ce  dernier,  et  un  arbre  intermediaire  (40)  generalement  dispose 
parallelement  a  I'arbre  d'entree  (20)  et  a  I'arbre  de  sortie  (30),  un  systeme  de  trains  d'engrenages  et 
d'embrayages  comprenant: 

un  premier  train  d'engrenages  (I)  comprenant  un  premier  pignon  (51)  prevu  sur  I'arbre  d'entree  (20)  et 
so  un  deuxieme  pignon  (52)  prevu  sur  I'arbre  intermediaire  (40)  pour  etre  mis  en  prise  avec  le  premier  pignon 

(51)  de  maniere  a  former  un  premier  trajet  de  transmission  de  force, 
un  premier  moyen  d'embrayage  a  friction  (61  ;  95)  agissant  selectivement  pour  etablir  et  interrompre  le 

premier  trajet  de  transmission  de  force; 
un  deuxieme  train  d'engrenages  (II)  comprenant  un  troisieme  pignon  (53)  prevu  a  travers  un  moyen 

55  d'embrayage  de  retenue  (71)  sur  une  partie  terminale  posterieure  de  I'arbre  d'entree  (20)  et  un  quatrieme 
pignon  (54;  97)  prevu  sur  I'arbre  intermediaire  pour  etre  mis  en  pris  avec  le  troisieme  pignon  (53)  de 
maniere  a  former  un  deuxieme  trajet  de  transmission  de  force; 

un  deuxieme  moyen  d'embrayage  a  friction  (63)  prevu  sur  une  partie  terminale  anterieure  de  I'arbre  de 
sortie  (30)  et  agissant  selectivement  pour  etablir  et  interrompue  un  troisieme  trajet  de  transmission  de 

60  force  entre  I'arbre  d'entree  (20)  et  I'arbre  de  sortie  (30)  a  travers  le  moyen  d'embrayage  de  retenue  (71); 
un  troisieme  train  d'engrenages  (111)  comprenant  un  cinquieme  pignon  (55)  prevu  sur  une  partie 

terminale  posterieure  de  I'arbre  intermediaire  (40)  et  un  sixieme  pignon  (56)  prevu  sur  I'arbre  de  sortie  (30) 
pour  etre  mis  en  prise  avec  la  cinquieme  pignon  (55)  de  maniere  a  former  un  quatrieme  trajet  de 
transmission  de  force,  et 

65  un  troisieme  moyen  d'embrayage  a  friction  (64)  agissant  selectivement  pour  etablir  et  interrompre  le 
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quatrieme  trajet  de  transmission  de  force, 
caracterisee  en  ce  qu'un  moyen  supplemental  d'embrayage  de  retenue  (72)  est  prevu  entre  I  arbre  de 
sortie  (30)  et  le  sixieme  pignon  (56).   ̂

2.  BoTte  de  vitesses  automatique  selon  la  revendication  1,  caracterisee  en  ce  que  le  systeme  de  trains 
5  d'engrenages  et  d'embrayages  comprend  en  outre  un  quatrieme  moyen  d'embrayage  a  friction  (62) 

agissant  selectivement  pour  etablir  et  interrompre  le  deuxieme  trajet  de  transmission  de  force. 
3.  Botte  de  vitesses  automatique  selon  la  revendication  2,  caracterisee  en  ce  que  le  systeme  de  trains 

d'engrenages  et  d'embrayages  comprend  en  outre  un  quatrieme  train  d'engrenages  (V)  comportant  un 
septieme  pignon  (57)  prevu  sur  I'arbre  intermediate  (40)  et  un  huitieme  pignon  (58)  prevu  sur  I'arbre  de 

10  sortie  (30)  pour  etre  mis  en  prise  avec  le  septieme  pignon  (57)  de  maniere  a  former  un  cinquieme  trajet  de 
transmission  de  force,  et  un  cinquieme  moyen  d'embrayage  a  friction  (67)  agissant  selectivement  pour 
etablir  et  interrompue  le  cinquieme  trajet  de  transmission  de  force. 

4.  Botte  de  vitesses  automatique  selon  I'une  quelconque  des  revendications  1  a  3,  caracterisee  en  ce 
que  !e  systeme  de  trains  d'engrenages  et  d'embrayages  comprend  en  outre  au  moins  un  moyen 

is  supplemental  d'embrayage  a  friction  (65;  66)  prevu  en  relation  generalement  parallele  a  I'un  des  moyens 
d'embrayage  de  retenue  (71)  et  au  moyen  supplementaire  d'embrayage  de  retenue  (72)  destine  a  etre 
utilise  pour  le  freinage  par  le  moteur.  ,  ,  , 

5.  Botte  de  vitesses  automatique  selon  I'une  quelconque  des  revendications  2  a  4,  caracterisee  en  ce 
que  chacun  des  premier,  deuxieme,  troisieme  et  quatrieme  moyens  d'embrayage  a  friction  (61  ;  95,  63,  64, 

20  62,  67)  comprend  un  dispositif  d'embrayage  multidisques  du  type  humide. 
6  Botte  de  vitesses  automatique  selon  I'une  quelconque  des  revendications  1  a  5,  caracterisee  en  ce 

que  le  systeme  de  trains  d'engrenages  et  d'embrayages  comprend  en  outre  un  dispositif  d'embrayage  sec 
a  friction  (96)  pour  coupler  le  dit  arbre  d'entree  (20)  a  un  arbre  de  sortie  (3)  d'un  moteur. 

7.  Botte  de  vitesses  automatique  selon  I'une  quelconque  des  revendications  2  a  6,  caracterisee  en  ce 
25  que  le  deuxieme  et  le  quatrieme  des  trajets  de  transmission  de  force  sont  etablis  pour  la  premiere  gamme 

de  vitesses,  le  premier  et  le  quatrieme  des  trajets  de  transmission  de  force  sont  etablis  pour  la  deuxieme 

gamme  de  vitesses,  le  troisieme  trajet  de  transmission  de  force  est  etabli  pour  la  troisieme  gamme  de 
vitesses,  et  le  premier  et  le  deuxieme  des  trajets  de  transmission  de  force  et  un  trajet  supplementaire  de 
transmission  de  force,  a  partir  du  deuxieme  train  d'engrenages  (II)  a  travers  le  deuxieme  moyen 

30  d'embrayage  a  friction  (63)  jusqu'a  I'arbre  de  sortie  (30),  sont  etablis  pour  la  quatrieme  gamme  de  vitesses. 
8.  Botte  de  vitesses  automatique  selon  I'une  quelconque  des  revendications  3  a  7,  caracterisee  en  ce 

que  le  deuxieme  et  le  quatrieme  des  trajets  de  transmission  de  force  sont  etablis  pour  la  premiere  gamme 
de  vitesses,  le  premier  et  le  quatrieme  des  trajets  de  transmission  de  force  sont  etablis  pour  la  deuxieme 

gamme  de  vitesses,  le  deuxieme  et  le  cinquieme  des  trajets  de  transmission  de  force  sont  etablis  pour  la 

35  troisieme  gamme  de  vitesses,  le  premier  et  le  cinquieme  des  trajets  de  transmission  de  force  sont  etablis 

pour  la  quatrieme  gamme  de  vitesses,  le  troisieme  trajet  de  transmission  de  force  est  etabli  pour  la 
cinquieme  gamme  de  vitesses,  et  le  premier  et  le  deuxieme  des  trajets  de  transmission  de  force  et  un  trajet 
supplementaire  de  transmission  de  force,  a  partir  du  deuxieme  train  d'engrenages  (II)  a  travers  le  deuxieme 
moyen  d'embrayage  a  friction  (63)  jusqu'a  I'arbre  de  sortie  (30),  sont  etablis  pour  la  sixieme  gamme  de 

40  vitesses.  ,  ,  .  , 
9.  Botte  de  vitesses  automatique  selon  I'une  quelconque  des  revendications  1  a  8,  caracterisee  en  ce 

que  le  troisieme  moyen  d'embrayage  a  friction  (64)  etablit  le  quatrieme  trajet  de  transmission  de  force  a 
utiliser  pour  les  gammes  de  vitesses  plus  basses  et  en  ce  qu'il  est  agence  pour  avoir  un  diametre  plus 
grand  que  celui  de  chacun  desdits  premier  et  deuxieme  moyens  d'embrayages  a  friction  (61  ;  95,  63). 

45  10.  Botte  de  vitesses  automatique  selon  I'une  quelconque  des  revendications  1  a  9,  caracterisee  en  ce 
que  le  systeme  de  trains  d'engrenages  et  d'embrayages  comprend  en  outre  un  train  de  pignons  de  marche 
arriere  (IV)  qui  comprend  un  pignon  d'entratnement  (81)  prevu  sur  I'arbre  intermediate  (40),  un  pignon 
libre  (83)  prevu  sur  un  arbre  (82)  de  pignon  libre,  destine  a  etre  mis  en  prise  avec  le  pignon  d'entratnement 
(81),  et  un  pignon  suiveur  (84)  prevu  sur  I'arbre  de  sortie  (30)  destine  a  etre  mis  en  prise  avec  le  pignon  libre 

so  (83)  de  maniere  a  former  un  trajet  supplementaire  de  transmission  de  force  pour  une  gamme  de  marche 
arriere,  et  des  moyens  de  couplage  (86,  87)  pour  rendre  selectivement  agissant  et  inagissant  le  trajet 
supplementaire  de  transmission  de  force. 
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