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Description 

This  invention  relates  to  power  transmissions  and 
more  particularly  to  power  transmissions  having  mul- 
tiple  countershafts. 

Power  transmissions  with  multiple  countershafts 
generally  have  a  housing  assembly  formed  with  at 
least  two  members  that  are  aligned  by  dowel  pins. 
These  members  generally  include  a  casing  and  an 
end  cover  or  bell  housing.  The  bell  housing  generally 
encloses  a  torque  converter  or  friction  clutch.  The 
countershafts  are  supported  in  the  casing  at  one  end 
and  in  the  end  cover  at  the  other  end.  The  input  shaft 
is  generally  supported  in  the  end  cover  and  the  output 
shaft  is  supported  in  the  casing. 

The  alignment  and  parallelism  of  the  shafts  is  de- 
termined  by  the  doweling  between  the  casing  and 
cover  and  the  bearing  bores  in  each  of  the  casing  and 
end  cover.  The  machining  of  the  required  dowel  and 
bearing  bores  is  subject  to  manufacturing  tolerances 
which  must  be  held  within  close  limits  for  quiet,  effi- 
cient  and  durable  operation  of  the  power  transmis- 
sion.  As  is  well  known,  close  tolerance  machining 
adds  to  the  overall  cost  of  the  product. 

Also,  prior  art  power  transmissions  use  a  sepa- 
rate  axis  for  the  idler  gear  in  the  reverse  gear  ratio. 
The  preparation  of  the  structure  for  the  idler  gear  re- 
quires  additional  machining  and  support  material 
within  the  casing  member  of  the  housing  assembly. 
The  overall  cost  is  again  affected  by  the  need  for  this 
added  material,  machining  and  the  complexity  of  the 
casing  casting.  The  use  of  a  reverse  gear  idler  on  a 
separate  axis  also  affects  the  numerical  value  of  the 
reverse  ratio  making  it  difficult  to  provide  a  reverse  ra- 
tio  equal  to  the  forward  low  ratio. 

An  example  of  the  prior  art  is  shown  in  US  Patent 
No.  4,831,894. 

A  power  transmission  in  accordance  with  the 
present  invention  is  characterised  by  the  features 
specified  in  the  characterising  portion  of  Claim  1. 

The  present  invention  seeks  to  overcome  many  of 
the  disadvantages  known  in  multiple  countershaft  pri- 
or  art  transmissions.  The  present  invention  has  an  in- 
put  shaft,  two  countershafts  and  an  output  shaft. 
Gear  members  are  rotatably  supported  on  the  coun- 
tershafts  and  are  selectively  connectible  therewith 
through  hydraulically  operated  friction  clutches.  Each 
of  the  countershafts  are  identical  in  physical  dimen- 
sions,  that  is,  they  have  identical  length,  diameters, 
cross  drilled  and  longitudinally  drilled  holes.  Each  of 
the  clutch  assemblies  is  identical  and  includes  an  an- 
nular  housing,  which  is  secured  to  the  shaft  by  weld- 
ing,  an  annular  piston,  which  is  slidably  disposed  on 
the  shaft  and  within  the  annular  housing,  a  plurality 
of  friction  discs  alternately  splined  to  the  annular 
housing  and  to  an  output  hub  and  a  return  spring  as- 
sembly.  Each  of  these  individual  items  are  identical 
within  the  clutch  assembly  reducing  the  number  of  in- 

ventory  parts  and  part  selection  necessary  during 
manufacturing  of  the  countershaft  assemblies.  Each 
countershaft  assembly  is  comprised  of  two  centrally 
located  clutch  assemblies,  a  head  gear  member 

5  splined  thereto,  ratio  gear  members  rotatably  sup- 
ported  thereon  and  bearing  members  for  supporting 
the  gear  members.  Each  countershaft  has  pressfit 
thereon  a  pair  of  tapered  roller  bearings.  Two  end  ex- 
tensions,  one  formed  on  each  countershaft  for  the 

10  purpose  of  engaging  a  dowel-seal  ring  sleeve  which 
provides  dowel  alignment  at  assembly,  machining  da- 
tums  and  passages  for  lubrication  fluid  during  trans- 
mission  operation.  The  output  hub  is  secured  gener- 
ally  by  welding  with  the  respective  gear  member. 

15  While  each  of  these  clutch  assemblies  affects 
the  establishment  of  a  separate  gear  ratio,  they  are 
identical  in  structure.  One  of  the  clutch  assemblies  is 
effective  to  establish  both  a  forward  ratio  other  than 
low,  for  example,  third,  and  the  reverse  drive  ratio. 

20  The  selection  of  the  ratio  to  be  established  by  this 
particular  friction  clutch  assembly,  is  through  the  ma- 
nipulation  of  a  synchronizer.  Thus,  a  synchronized  re- 
verse  operation  is  obtained. 

The  reverse  gear  ratio  is  obtained  by  one  reverse 
25  gear  member  being  clutchable  to  one  of  the  counter- 

shafts  and  another  gear  member  rotatably  secured  to 
a  forward  drive  ratio  gear,  preferably  the  low  ratio 
gear.  Thus,  the  engagement  of  the  one  friction  clutch 
assembly  will  establish  the  reverse  ratio,  while  the  en- 

30  gagementof  a  second  friction  clutch  assembly  will  es- 
tablish  the  low  ratio.  This  permits  what  is  known  as  a 
rock  cycle  to  assist  in  extracting  the  vehicle  from  a 
stuck  location,  such  as  in  the  snow  or  mud. 

The  numeric  value  of  the  low  forward  ratio  and 
35  the  reverse  ratio  are  identical.  Gearing  is  mounted  on 

the  countershafts  by  roller  bearings  and  thrust  bear- 
ings,  and  as  previously  mentioned,  is  connectible 
thereto  through  the  operation  of  friction  clutch  assem- 
blies.  Each  countershaft  has  a  member  of  a  head  gear 

40  set  splined  thereto,  which  meshes  with  the  head  gear 
on  the  input  shaft  which  is  rotatably  supported  in  an 
end  support.  The  output  shaft  has  one  of  the  friction 
clutch  assemblies  secured  thereto  for  operation  of  a 
direct  drive  between  the  input  shaft  and  the  output 

45  shaft. 
The  end  support  in  which  the  input  shaft  is  rotat- 

ably  supported  also  has  bearing  locations  for  the 
countershafts.  The  end  support  plate,  after  secure- 
ment  to  the  bell  housing,  will  permit  the  assembly  of 

so  the  countershafts,  the  input  shaft  and  the  output 
shaft,  inavertical  orientation,  prior  tothe  outer  casing 
being  installed  on  the  power  transmission.  Thus,  as 
the  power  transmission  progresses  along  the  assem- 
bly  line,  visual  or  automated  inspection  of  the  various 

55  components  on  the  shafts  and  their  relationship  with 
other  portions  of  the  power  transmission  is  always 
possible. 

Each  countershaft  has  a  pair  of  longitudinal  fluid 

2 
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passages  in  which  is  disposed  a  distribution  tube  to 
separate  fluid  flow  into  a  central  longitudinal  passage 
and  an  annular  longitudinal  passage.  The  centre  of 
the  distribution  tube  is  subjected  to  high  pressure  fluid 
whenever  clutch  engagement  is  desired  and  the  an- 
nular  space  between  the  distribution  tube  on  the 
countershaft  is  supplied  with  lube  fluid  which  is  con- 
ducted  to  the  bearings  and  cooling  fluid  which  is  sup- 
plied  to  the  clutch  assemblies  during  engagement. 
The  supporting  structure  of  the  countershaft  and  the 
end  cover  or  support  member  also  includes  a  bush- 
ing,  which  provides  for  a  doweling  and  seal  ring 
sleeve  structure  between  the  countershaft,  the  end 
support  and  a  bell  housing  or  transmission  housing. 
This  combined  dowel  pin  seal  ring  sleeve  ensures 
dowel  pin  alignment  between  the  components  and 
provides  fluid  passages  to  supply  the  various  fluids  to 
the  longitudinal  passages  in  the  countershaft.  The 
seal  arrangement  and  passages  are  disposed  to  di- 
rect  any  leakage  from  the  clutch  feed  circuit  to  the 
lube  circuit.  This  contributes  to  an  increase  in  the 
overall  efficiency  of  the  unit  and  a  reduction  in  the 
size  requirement  of  the  supply  pump. 

Each  of  the  annular  pistons  si  idably  engages  the 
respective  countershaft  as  previously  mentioned. 
Each  annular  piston  has  an  inner  annular  skirt  portion 
which  partially  covers  the  cooling  passage  in  the 
countershaft  for  the  respective  clutch  assembly.  The 
skirt  portion  cooperates  with  the  cooling  passages  in 
the  countershaft  to  provide  a  flow  restriction  to  limit 
the  amount  of  fluid  flow  distributed  to  the  clutch  as- 
sembly  whenever  the  clutch  assembly  is  not  engag- 
ed.  During  engagement,  the  skirt  portion  is  moved 
sufficiently  to  permit  a  secondary  hole  in  the  skirt 
portion  to  allow  full  cooling  flow  from  the  longitudinal 
passage  in  the  countershaft  to  the  clutch  plates  to  as- 
sist  in  maintaining  the  internal  temperature  of  the 
clutch  discs  at  or  below  the  desired  level. 

The  cooperation  between  the  skirt  portion  and 
the  countershaft  eliminates  the  need  to  drill  precision 
holes  (that  is,  flow  restricting  orifices)  within  the 
countershaft  to  control  the  flow  of  cooling  fluid  which 
might  otherwise  be  required  to  reduce  the  cooling 
flow  requirements  of  the  transmission  hydraulic  sys- 
tem. 

It  is  an  object  of  this  invention  to  provide  an  im- 
proved  power  transmission  wherein  a  pair  of  counter- 
shafts  are  rotatably  supported  in  an  end  cover  and 
have  gears  disposed  thereon  meshing  with  respec- 
tive  gears  on  an  input  shaft  and  an  output  shaft,  and 
further  wherein  the  gears  are  selectively  connectible 
with  the  countershafts  to  provide  a  plurality  of  for- 
ward  ratio  gears  and  a  reverse  gear  ratio  with  said  re- 
verse  gear  ratio  being  provided  by  one  gear  member 
which  is  rotatably  mounted  on  one  of  said  counter- 
shafts  and  connectible  therewith  by  a  friction  clutch, 
mesh  ing  wit  h  anot  her  gear  member  which  is  rotatably 
mounted  on  the  other  countershaft  and  drivingly  con- 
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nected  to  the  output  through  the  ratio  gear  set  which 
provides  the  lowest  forward  gear  ratio. 

It  is  another  object  of  this  invention  to  provide  an 
improved  power  transmission  substantially  as  descri- 

5  bed  above  for  the  preceding  object,  wherein  a  syn- 
chronizer  clutch  is  provided  to  establish  a  drive  con- 
nection  between  the  reverse  gear  member  on  the  one 
countershaft  and  another  of  the  ratio  gears  on  said 
countershaft  wherein  selective  operation  of  the  fric- 

10  tion  clutch  and  the  synchronizer  clutch  permit  the  op- 
eration  of  either  the  reverse  gear  ratio  or  a  forward 
gear  ratio. 

This  invention  preferably  provides  an  improved 
power  transmission  having  a  pair  of  parallel  counter- 

is  shafts,  an  input  shaft  and  an  output  shaft  substantial- 
ly  as  described  above  for  the  preceding  objects, 
wherein  the  reverse  drive  ratio  and  the  forward  low 
drive  ratio  have  the  same  numerical  value. 

This  invention  preferably  provides  an  improved 
20  power  transmission  having  a  pair  of  parallel  counter- 

shafts  supported  in  an  end  cover  and  in  a  transmis- 
sion  housing  wherein  each  of  the  countershafts  has 
a  reverse  gear  member  rotatably  supported  on  a  re- 
spective  countershaft,  and  wherein  one  of  the  re- 

25  verse  gear  members  has  secured  thereto  a  parking 
gear  arrangement  which  is  connectible  to  the  output 
shaft  through  the  low  gear  ratio  gear  set  such  that  a 
torque  ratio  greater  than  one  is  provided  thereby  re- 
ducing  the  loading  on  the  park  mechanism. 

30  This  invention  preferably  provides  an  improved 
transmission  substantially  as  defined  in  the  preced- 
ing  object,  wherein  the  synchronizer  assembly  is  pro- 
vided  to  selectively  connect  the  output  hub  member 
of  the  friction  clutch  assembly  with  a  reverse  gear 

35  train  or  with  a  forward  gear  ratio  such  that  the  friction 
clutch  may  be  selectively  engaged  in  combination 
with  the  synchronizer  clutch  to  provide  separate  gear 
ratios  in  reverse  and  in  one  forward  ratio. 

The  present  invention  will  now  be  described,  by 
40  way  of  example,  with  reference  to  the  accompanying 

drawings,  in  which:- 
Figure  1  is  a  block  diagram  showing  the  intercon- 
nection  of  Figures  2a  through  2d; 
Figures  2a  through  2d  are  cross-sectional  eleva- 

45  tional  views  of  various  components  within  the 
power  transmission,  which  when  assembled  as 
shown  in  Figure  1,  will  provide  a  cross-sectional 
representation  of  the  preferred  embodiment  of 
the  power  transmission; 

so  Figure  3  is  an  end  view  of  the  power  transmission 
taken  with  the  end  cover  removed  to  show  the 
positioning  of  the  input  shaft  and  the  counter- 
shafts  and  some  of  the  gearing  within  the  outer 
casing; 

55  Figure  4  is  block  diagram  showing  the  positioning 
of  Figures  5a  and  5b; 
Figures  5a  and  5b,  when  combined,  depict  the 
one  typical  countershaft  assembly  with  the  gear- 

3 
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ing  and  clutch  members  assembled  thereto; 
Figure  6  is  an  end  view  taken  along  line  6-6  of 
Figure  2d; 
Figure  7  is  a  plan  view  taken  along  line  7—7  of  Fig- 
ure  6;  and 
Figure  8  is  a  schematic  representation  of  the 
power  transmission  of  Figures  2a-2d  incorporat- 
ing  the  present  invention. 
The  same  characters  represent  the  same  or  cor- 

responding  parts  throughout  the  several  views.  Fig- 
ures  2a  through  2d,  when  combined  as  shown  in  Fig- 
ure  1  ,  depict  a  cross-sectional  elevational  view  of  a 
multiple  countershaft  power  transmission  having  a 
multiple  piece  housing  comprised  of  an  end  support 
10,  an  outer  casing  12,  a  bell  housing  or  engine 
mounting  member  14  (which  with  end  support  10  de- 
fines  a  first  end  cover),  and  a  second  end  cover  16. 
The  end  support  10  defines  an  assembly  support 
plate  and  is  a  substantially  annular  disc  member  hav- 
ing  bearing  support  recesses  18  and  20  for  counter- 
shaft  members  and  recess  22  for  input  shaft  support. 
The  outer  casing  12  is  located  on  the  bell  housing  14 
by  dowel  pins,  not  shown,  and  the  second  end  cover 
16  is  located  on  the  outer  casing  12  by  dowel  pins,  not 
shown. 

The  outer  casing  12  is  a  substantially  cylindrical 
member  with  an  annular  semi-closed  end  portion 
having  recesses  24  and  26  formed  therein  for  coun- 
tershaft  bearing  support  and  a  recess  or  opening  28 
formed  therein  for  output  shaft  bearing  support.  Pre- 
ferably  the  bearings  30  through  40  which  are  dis- 
posed  in  the  recesses  or  openings  18  through  28,  re- 
spectively,  are  identical  and  therefore  selection  of  any 
particular  bearing  to  be  placed  in  a  specific  recess  or 
opening  is  eliminated.  The  bearings  30-40,  however, 
can  be  of  different  sizes  if  the  conditions  and  assem- 
bly  warrant.  The  bearings  30  and  36  support  a  coun- 
tershaft  42  while  the  bearings  32  and  38  support  a 
countershaft  44.  The  bearing  34  rotatably  supports 
and  input  shaft  46  and  the  bearing  40  rotatably  sup- 
ports  an  output  shaft  48.  The  output  shaft  48  is  also 
rotatably  supported  by  a  needle  bearing  50  and  a 
thrust  bearing  assembly  52  which  cooperate  with  the 
input  shaft  46.  In  particular,  the  neddle  bearing  50 
and  thrust  bearing  assembly  52  cooperate  with  a 
(first)  head  gear  54,  which  is  formed  integral  with  or 
otherwise  secured  to  the  input  shaft  46.  The  head 
gear  54  meshes  with  a  (second)  head  gear  56  splined 
to  countershaft  42  and  a  third  head  gear  58  splined 
to  countershaft  44. 

The  countershafts  42  and  44  are  dimensionally 
identical  from  end-to-end,  however,  their  assembly 
structure  is  considerably  different  as  seen  in  Figures 
2a  through  2d.  The  assembly  of  countershaft  42  is 
shown  in  Figures  5a  and  5b.  In  Figure  5a,  it  can  be 
seen  that  the  countershaft  42  has  reduced  diameter 
ends  60  and  62  and  a  pair  of  bearing  surfaces  64  and 
66  adjacent  the  reduced  diameterends  60  and  62,  re- 

spectively. 
Looking  along  the  countershaft  42  from  reduced 

diameter  end  60  toward  reduced  diameter  end  62,  the 
outer  surface  of  countershaft  42  has  a  spline  portion 

5  68,  a  constant  diameter  portion  70,  a  slightly  larger  di- 
ameter  portion  72,  a  piston  mounting  surface  ordiam- 
eter  74,  a  central  clutch  housing  support  surface  76, 
a  piston  mounting  surface  78,  a  pair  of  constant  diam- 
eter  surfaces  80  and  82,  and  a  reduced  diameter  sur- 

10  face  84  adjacent  the  bearing  surface  66.  The  coun- 
tershaft  44  has  an  identical  structure  and  the  corre- 
sponding  surfaces  are  given  the  same  numerical  des- 
ignation  with  an  "a"  suffix. 

The  countershaft  42  has  a  pair  of  longitudinal 
15  passages  86  and  88  that  extend  inwardly  from  the  re- 

duced  diameterends  60  and  62,  respectively,  and  ter- 
minate  at  90  and  92,  respectively,  aligned  with  the 
central  clutch  housing  support  surface  76.  Each  pas- 
sage  86  and  88  has  disposed  therein  tubes  94  and  96, 

20  respectively,  which  cooperate  with  the  respective 
passages  86  and  88  to  form  a  pair  of  annular  lube  or 
lubrication  passages  98  and  100,  and  have  formed 
therein  a  respective  clutch  feed  passage  102  and 
1  04.  The  annular  lube  passage  98  has  a  pair  of  radi- 

25  ally  extending  fluid  passages  106  and  108  which  com- 
municate  with  the  larger  diameter  portion  72  and  pis- 
ton  mounting  surface  74,  respectively.  A  radial  pas- 
sage  110  communicates  fluid  from  the  clutch  feed 
passage  1  02  to  a  position  on  piston  mounting  surface 

30  74  adjacent  central  clutch  housing  support  surface 
76.  The  annular  lube  passage  100  has  communicat- 
ing  therewith  three  passages  112,  114  and  116  which 
are  effective  to  communicate  fluid  with  the  piston 
mounting  surface  78  and  constant  diameter  surfaces 

35  80  and  82,  respectively.  A  radial  passage  118  pro- 
vides  fluid  communication  from  clutch  feed  passage 
104  to  the  piston  mounting  surface  78  adjacent  the 
central  clutch  housing  support  surface  76. 

As  will  become  more  apparent  in  the  following  de- 
40  scription,  the  passages  106,  108,  112,  114  and  116 

provide  cooling  and/or  lubrication  fluid  for  various 
gear  members  and  clutch  assemblies  which  are  dis- 
posed  on  the  countershaft  42  while  the  radial  passag- 
es  110  and  118  are  effective  to  distribute  clutch  en- 

45  gagement  pressure  to  clutch  assemblies  disposed  on 
the  countershaft  42.  The  countershaft  44  has  identi- 
cal  passages  and  tube  assemblies  secured  thereto. 
These  corresponding  components  have  been  given 
the  same  numerical  designation  with  an  "a"  suffix. 

so  The  head  gear  56  is  splined  to  the  spline  portion 
68  in  abutment  with  the  bearing  30  which  is  posi- 
tioned  on  the  countershaft  42  by  a  locking  ring  120. 
Adjacent  head  gear  56  is  a  spacer  sleeve  122  which 
is  disposed  in  abutment  with  the  head  gear  56  and  a 

55  thrust  bearing  assembly  124.  The  thrust  bearing  as- 
sembly  124  is  in  abutment  with  a  ratio  gear  member 
125  which  is  rotatably  supported  on  the  countershaft 
42  by  needle  bearings  126.  The  ratio  gear  member 

4 
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125  is  in  abutment  with  a  thrust  bearing  128  which  is 
positioned  by  a  shoulder  130  formed  adjacent  the 
large  diameter  portion  72. 

A  clutch  assembly  132  (friction  clutch  means)  is 
disposed  on  the  countershaft  42  and  includes  an  an- 
nular  housing  134  which  is  welded  or  otherwise  se- 
cured  to  the  countershaft  42,  an  annular  piston  136 
which  is  slidably  disposed  in  the  annular  housing  134 
and  on  the  countershaft  42,  a  plurality  of  friction 
plates  138  and  140  which  are  alternately  splined  to 
the  annular  housing  134  and  an  output  hub  142,  re- 
spectively. 

The  output  hub  142  is  welded  or  otherwise  se- 
cured  to  the  ratio  gear  member  125.  A  return  spring 
assembly  144  is  effective  to  urge  the  annular  piston 
1  36  rightward  as  viewed  in  Figure  5a  to  a  disengaged 
position.  When  fluid  pressure  is  supplied  to  clutch 
feed  passage  102  and  radial  passage  110,  the  annu- 
lar  piston  1  36  will  move  leftward  to  cause  frictional  en- 
gagement  between  the  alternately  spaced  friction 
plates  138  and  140,  whereby  the  ratio  gear  member 
1  25  will  be  drivingly  connected  to  the  countershaft  42. 

A  second  clutch  assembly  132a  is  secured  to  the 
countershaft  42  adjacent  the  clutch  assembly  132 
and  is  a  mirror  image  thereof.  The  corresponding 
components  of  clutch  assembly  132a  are  given  the 
same  numerical  designation  as  the  components  in 
clutch  assembly  132  with  an  "a"  suffix. 

The  output  hub  142a  is  secured  to  a  gear  assem- 
bly  145  which  includes  a  reverse  gear  146,  a  sleeve 
1  48  and  a  ratio  gear  member  1  50  (first  ratio  gear).  The 
gear  assembly  145  is  positioned  on  the  countershaft 
42  by  a  pair  of  thrust  bearings  152  and  154  and  is  ro- 
tatably  supported  on  the  countershaft  42  by  needle 
bearings  156  and  158.  The  thrust  bearing  154  is  dis- 
posed  in  abutment  with  the  bearing  36  which  is  posi- 
tioned  on  the  countershaft  42  by  a  locking  ring  160. 

The  reduced  diameter  ends  60  and  62  have 
formed  therein  seal  grooves  162  which  cooperate 
with  a  dowel  and  seal  sleeve  1  64  at  reduced  diameter 
end  60  and  on  a  sleeve  164a  at  reduced  diameter  end 
62.  The  reduced  diameter  end  60  has  a  feed  passage 
166  which  is  in  communication  with  the  annular  lube 
passage  98  and  the  reduced  diameter  end  62  has  a 
fluid  passage  166a  which  is  in  communication  with 
the  annular  lube  passage  100.  The  dowel  and  seal 
sleeve  164  is  pressfit  in  the  bell  housing  14  and  has 
a  dowel  fit  with  the  end  support  10  thereby  providing 
for  alignment  between  the  end  support  10  and  the 
bell  housing  14.  The  sleeve  164a  is  pressfit  in  the  sec- 
ond  end  cover  16.  The  bearing  support  recesses  18 
and  20  are  held  in  close  tolerance  with  the  bores  in 
the  end  support  for  the  dowel  and  seal  sleeve  164 
and  another  dowel  and  seal  sleeve  164b.  Thus,  the 
bearing  locations  for  the  input  end  of  the  counter- 
shafts  42  and  44  and  input  shaft  46  are  closely  con- 
trolled  to  the  bell  housing  14. 

The  countershaft  44  has  assembled  thereon  the 

bearing  32  and  head  gear  58.  A  spacer  sleeve  168  is 
disposed  between  the  head  gear  58  and  a  thrust 
bearing  170  which  cooperates  with  a  thrust  bearing 
1  72  to  position  a  ratio  gear  1  74  which  is  rotatably  sup- 

5  ported  on  the  countershaft  44  by  needle  bearings 
176.  The  ratio  gear  174  is  selectively  connectible  with 
the  countershaft  44  through  controlled  operation  of  a 
clutch  assembly  132b  which  is  identical  in  structure 
with  clutch  assembly  1  32  and  has  an  output  hub  142b 

10  secured  to  the  ratio  gear  1  74.  The  remaining  compo- 
nents  of  clutch  assembly  132b  are  identical  with  the 
components  of  the  clutch  assembly  132  and  have 
therefore  been  given  the  same  numerical  designation 
with  a  "b"  suffix.  Adjacent  the  clutch  assembly  132b 

15  is  a  clutch  assembly  132c  which  is  a  mirror  image  of 
clutch  assembly  132b  and  is  comprised  of  compo- 
nents  identical  with  clutch  assembly  132  such  that 
the  same  numerical  designates  with  a  "c"  suffix  are 
utilized. 

20  The  output  hub  142c  is  secured  to  a  sleeve  180 
which  is  positioned  on  the  countershaft  44  by  a  pair 
of  thrust  bearings  182  and  184,  and  rotatably  sup- 
ported  by  needle  bearings  186.  The  sleeve  180  is 
splined  to  a  conventional  synchronizer  assembly  187 

25  (synchronizer  clutch  means)  which  is  selectively  op- 
erable  to  connect  a  ratio  gear  1  88  (second  ratio  gear) 
or  a  reverse  gear  190  with  the  output  hub  142c  of 
clutch  assembly  132c.  Therefore,  selective  position- 
ing  of  the  synchronizer  assembly  187  and  actuation 

30  of  the  clutch  assembly  132c  will  establish  a  drive  re- 
lationship  between  countershaft  44  and  either  ratio 
gear  1  88  or  reverse  gear  1  90.  Reverse  gear  1  90  is  a 
member  of  the  reverse  gear  train  and  is  disposed  in 
meshing  relation  with  the  gear  assembly  146  which  is 

35  rotatably  supported  on  countershaft  42. 
The  ratio  gear  1  88  is  supported  on  a  needle  bear- 

ing  192  and  is  positioned  longitudinally  by  the  thrust 
bearing  184,  a  thrust  bearing  194,  a  sleeve  196  and 
the  bearing  38.  As  previously  mentioned,  the  assem- 

40  bly  of  countershaft  44  has  components  identical  with 
the  countershaft  42  and  these  components  have 
been  given  an  "a"  suffix.  In  particular,  the  tubes  94a 
and  96a  are  effective  to  establish  the  cooling  and  lu- 
brication  passages  and  the  clutch  apply  passages  for 

45  fluid  which  is  to  be  delivered  through  the  dowel  and 
seal  sleeve  164b  and  a  sleeve  164c  in  a  manner  sim- 
ilar  to  that  described  above  for  dowel  and  seal  sleeve 
164  and  the  sleeve  164a,  respectively. 

The  head  gear  54  has  secured  thereto  a  hub 
so  member  142d  which  is  a  component  in  a  clutch  as- 

sembly  132d  which  is  identical  with  the  clutch  assem- 
bly  132.  In  the  alternative,  the  clutch  assembly  132d 
can  be  constructed  with  fewer  friction  plates  1  38d  and 
140d,  and  the  annular  housing  134d  can  be  axially 

55  shortened.  This  has  the  benefit  of  reducing  the  axial 
length  of  the  power  transmission.  This  axial  shorten- 
ing  of  the  clutch  assembly  132d  results  in  less  torque 
capacity  which  is  permitted  because  the  engine  tor- 

5 
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que  is  not  increased  by  the  head  gear  set  54-56  or  54- 
58  prior  to  delivery  to  the  clutch  assembly  1  32d.  While 
this  clutch  assembly  would  then  have  to  be  treated 
differently  in  production,  the  overall  material  savings 
and  axial  length  savings  may  overshadow  this  draw- 
back.  The  remaining  gear  ratios  1  ,  2,  3,  5  and  reverse 
all  have  the  engine  torque  increased,  as  a  result  of  the 
respective  head  gear  sets,  prior  to  delivery  to  the  re- 
spective  clutch  assemblies  which  establish  these  ra- 
tios.  The  remaining  components  of  clutch  assembly 
132d  have  been  given  the  same  numerical  designa- 
tion  as  the  corresponding  components  of  clutch  as- 
sembly  132.  The  annular  housing  134d  of  clutch  as- 
sembly  132d  is  secured  to  the  output  shaft  48  such 
that  selective  engagement  of  the  clutch  assembly 
1  32d,  by  fluid  pressure  in  a  passage  200,  will  enforce 
a  direct  drive  connection  between  the  input  shaft  46 
and  the  output  shaft  48.  The  output  shaft  48  has 
splined  thereto  a  plurality  of  ratio  output  gear  mem- 
bers  202,  204,  206  and  208  which  are  in  constant 
mesh  with  respective  ratio  gears  174  on  countershaft 
44,  and  ratio  gear  member  150  on  countershaft  42. 
The  ratio  gear  member  1  50  and  208  will  provide  a  low 
forward  gear  ratio  between  the  input  shaft  46  and  the 
output  shaft  48  upon  selective  engagement  of  the 
clutch  assembly  132a. 

Second  gear  operation  is  provided  by  ratio  gear 
1  74  and  ratio  output  gear  member  202  u  pon  selective 
engagement  of  clutch  assembly  132b.  Athird  forward 
gear  ratio  is  provided  by  rightward  selection  of  the 
synchronizer  assembly  187  and  selective  engage- 
ment  of  the  clutch  assembly  132c.  A  fourth  forward 
gear  ratio  is  provided  by  selective  engagement  of 
clutch  assembly  132d  as  described  above.  This  is  a 
direct  drive  ratio.  A  fifth  and  overdrive  forward  gear 
ratio  is  provided  by  selective  engagement  of  the 
clutch  assembly  132.  Quite  obviously,  only  one  clutch 
assembly  132  through  132d  can  be  engaged  at  any 
one  time.  The  selective  engagement  of  these  clutch 
assemblies  and  their  interchange  can  be  controlled 
by  many  of  the  currently  available  and  well  known  hy- 
draulic  control  circuits. 

To  establish  a  reverse  drive  ratio  in  the  transmis- 
sion,  the  synchronizer  assembly  187  is  established  in 
its  leftward  position  and  the  clutch  assembly  132c  is 
selectively  engaged.  With  this  power  flow  path  en- 
gaged,  power  flow  is  from  the  input  shaft  46  through 
head  gears  54,  58,  countershaft  44,  reverse  gears 
190  and  146,  and  ratio  gear  members  150  and  208 
and  head  gear  set  54-58  to  the  output  shaft  48.  The 
reverse  gears  146  and  190  provide  for  reversing  of 
the  rotational  direction  during  a  reverse  ratio  and  pro- 
vide  first  and  second  members  respectively  of  re- 
verse  gear  means.  The  meshing  ratio  gear  members 
1  50,  208  and  head  gear  set  54-58  establ  ish  t  he  speed 
ratio  of  the  reverse  gear  ratio  which  is  identical  with 
the  low  forward  gear  ratio.  Since  the  gear  reversing 
or  reverse  idling  function  is  provided  by  reverse  gears 

146  and  190,  a  separate  idler  gear  axis  is  not  required 
with  the  present  invention. 

A  park  gear  210  is  secured  to  the  reverse  gear 
146  and  therefore  is  connectible  with  the  output  shaft 

5  48  through  the  low  forward  ratio  of  ratio  gear  mem- 
bers  150  and  208.  Aconventional  parking  pawl  mech- 
anism  can  be  utilized  to  engage  the  park  gear  210 
such  that  a  mechanical  advantage  is  gained  between 
the  park  gear  210  and  the  output  shaft  48.  This  ad- 

10  vantage  is  equal  to  the  ratio  of  the  low  forward  ratio 
gear  members  150,  208  without  benefit  of  the  head 
gear  set  54-56. 

During  assembly  of  the  power  transmission,  the 
positioning  of  the  countershafts  42  and  44  and  the 

15  output  shaft  48  is  controlled  by  cam  shim  pack  assem- 
blies  212,  214  and  216,  respectively.  These  cam  shim 
pack  assemblies  212-216  are  identical  in  structure 
and  include  an  inner  cam  ring  218,  an  outer  cam  ring 
220  and  a  locking  ring  222.  The  locking  ring  222  pre- 

20  vents  rearward  axial  displacement  of  the  outer  cam 
ring  220  relative  to  the  outer  casing  12.  The  inner  cam 
ring  218  is  nonrotatably  supported  in  the  outer  casing 
12  by  a  plurality  of  radially  extending  tabs  224.  The  in- 
ner  cam  ring  218  is  disposed  in  abutment  with  bear- 

25  ings  36,  40,  and  38,  respectively,  for  each  of  the  cam 
shim  pack  assemblies. 

During  assembly,  the  outer  cam  ring  220  is  rotat- 
ed  relative  to  the  inner  cam  ring  218  thereby  causing 
relative  axial  movement  between  the  outer  casing  12 

30  and  the  inner  cam  ring  218  to  enforce  longitudinal 
positioning  of  the  countershafts  42  and  44  and  the 
output  shaft  48  through  the  respective  bearing  as- 
semblies  which  support  the  shafts  in  the  outer  casing 
12.  A  tabbed  washer  225  is  connected  at  the  outer  di- 

35  ameterwith  the  outer  casing  12,  and  the  inner  diam- 
eter  of  the  tabbed  washer  225  is  displaceable  into  an 
opening  227  in  the  outer  cam  ring  220  to  prevent 
movement  between  the  inner  and  outer  cam  rings 
218,  220  after  assembly.  The  adjustment  mecha- 

40  nisms  can  be  constructed  in  accordance  with  the 
bearing  adjustment  mechanism  shown  in  US  Patent 
No.  3,901,568. 

The  countershafts  42,  44,  input  shaft  46  and  out- 
put  shaft  48  and  their  respective  components,  can  be 

45  assembled  onto  the  end  support  10  as  the  end  sup- 
port  is  vertically  positioned  on  an  assembly  line  or  bell 
housing  14.  This  assembly  can  be  competed  with  the 
outer  casing  12  having  been  installed  over  the  gear 
assemblies.  Thus,  as  the  power  transmission  assem- 

50  bly  progresses  along  the  assembly  line,  continuous 
visual  inspection  is  available  to  ensure  that  proper 
gear  positioning  and  gear  meshing  is  occurring. 

The  outer  casing  12  can  then  be  installed  over 
the  power  transmission  assembly  and  secured  to  the 

55  bell  housing  14  or  in  the  alternative,  to  the  end  sup- 
port  1  0.  When  this  assembly  is  completed,  the  adjust- 
ment  mechanisms  provided  by  cam  shim  pack  as- 
semblies  212,  214  and  21  6  are  manipulated  to  ensure 

6 



11 EP  0  449  343  B1 12 

proper  placement  of  the  shaft  assemblies  and  then 
the  second  end  cover  16  can  be  positioned  and  se- 
cured  to  the  outer  casing  12. 

It  should  be  noted  that  the  end  support  10  and 
bell  housing  14  are  both  aligned  with  the  counter- 
shafts  42  and  44  through  the  dowel  and  seal  sleeve 
components  164  and  164b.  This  eliminates  the  need 
for  additional  dowel  locations  being  machined 
through  the  various  components  which  would  have  to 
rely  on  some  dimensional  location  on  the  end  support 
10and  outer  casing  12for  properalignment.  The  com- 
monalty  of  the  countershafts  42  and  44  greatly  re- 
duce  the  inventory  and  machining  requirements  for 
these  components.  Further,  material  savings  are  es- 
tablished  through  the  use  of  the  common  clutch  as- 
semblies.  The  savings  are  occasioned  not  only  by  the 
reduction  in  the  number  of  different  components  to  be 
utilized,  but  also  in  the  fact  that  the  likelihood  of  mis- 
assembly  of  the  clutch  assemblies  is  greatly  reduced. 

Each  annular  piston  136  through  136d  has  an  in- 
ner  skirt  portion  226  which  is  si  idably  disposed  on  the 
respective  portions  of  the  countershafts  42,  44  and 
output  shaft  48.  The  inner  skirt  portion  226  partially 
or  completely  covers  the  respective  lube  and  cooling 
passage,  such  as  108,  for  clutch  assembly  132  when 
the  clutch  is  disengaged.  During  movement  of  the  an- 
nular  piston  1  36  to  engage  the  clutch,  an  opening  228 
in  the  inner  skirt  portion  226  will  be  placed  in  fluid 
communication  with  the  respective  lube  passage 
thereby  permitting  unrestricted  fluid  flow  from  the  an- 
nular  lube  passage  98  to  the  alternately  spaced  fric- 
tion  plates  138  and  140.  This  permits  controlled  cool- 
ing  flow  during  clutch  engagement  when  it  is  desirable 
to  have  such  flow  but  limits  or  eliminates  fluid  flow  in 
this  circuit  when  the  clutch  assemblies  are  disengag- 
ed.  With  the  reduced  cooling  flow  requirements,  the 
system  flow  requirements  are  also  reduced  which 
makes  more  fluid  available  for  lubrication  circuits  and 
reduces  the  volume  of  the  control  pump  required  to 
supply  the  fluid  to  the  control  system. 

It  should  be  noted  that  the  arrangement  of  the 
seals,  clutch  feed  passages  and  lube  passages  min- 
imize  oil  leakage  and,  the  oil  leakage  that  may  occur 
from  the  clutch  feed  is  directed  to  the  lube  circuit.  This 
feature  contributes  to  a  reduction  in  the  required  vol- 
ume  of  the  supply  pump.  Also,  as  pointed  out  previ- 
ously,  the  extended  skirts  on  the  annular  pistons  also 
contribute  to  a  reduced  pump  requirement  by  reduc- 
ing  the  amount  of  continuous  oil  flow  to  the  system. 

A  further  savings  in  material  and  inventories  is 
also  provided  through  the  use  of  commonalty  be- 
tween  various  thrust  bearings  and  needle  bearings 
which  are  components  within  the  power  transmission 
assembly. 

It  should  further  be  appreciated  that  wide  latitude 
is  permitted  in  the  selection  of  the  various  gear  ratios 
and  that  the  changing  of  the  gear  ratios  after  assem- 
bly  can  be  accomplished  without  significant  changes 

in  the  other  components  of  the  transmission.  One 
other  advantage  of  the  present  invention  is  the  pro- 
vision  for  identical  low  and  reverse  drive  ratios. 

Attention  is  drawn  to  related  european  patent  ap- 
5  plication  nos.  91200387.8  (MJD/3462)  and 

91200388.6  (MJD/3463),  filed  the  same  day  as  the 
present  application. 

10  Claims 

1.  A  power  transmission  comprising  a  housing  hav- 
ing  first  (10,14)  and  second  (16)  end  covers;  an 
input  shaft  (46)  rotatably  mounted  in  the  first  end 

15  cover;  an  output  shaft  (48)  rotatably  supported  on 
the  input  shaft  and  in  the  housing;  first  (42)  and 
second  (44)  countershafts  rotatably  supported  in 
one  of  the  end  covers  and  in  the  housing  for  ro- 
tation  on  respective  axes  parallel  with  the  input 

20  shaft  and  the  output  shaft;  a  first  head  gear  (54) 
continuously  rotatable  with  the  input  shaft;  sec- 
ond  (56)  and  third  (58)  head  gears  meshing  with 
the  first  head  gear  and  continuously  rotatable 
with  the  first  and  second  countershafts  respec- 

25  tively;  a  plurality  of  ratio  gears  rotatably  support- 
ed  on  each  of  the  countershafts  including  a  first 
ratio  gear  (150)  on  the  first  countershaft  and  a 
second  ratio  gear  (188)  on  the  second  counter- 
shaft;  output  gear  means  drivingly  connected 

30  with  the  output  shaft  and  including  a  first  ratio 
output  gear  (208)  meshing  with  the  first  ratio  gear 
and  a  second  ratio  output  gear  (206)  meshing 
with  the  second  ratio  gear;  and  first  selectively 
engageable  friction  clutch  means  (132a)  forcon- 

35  necting  the  first  ratio  gear  with  the  first  counter- 
shaft  for  completing  a  low  forward  drive  ratio  be- 
tween  the  input  and  output  shafts; 
characterised  by  reverse  gear  means  including  a 
first  member  (146)  rotatable  with  the  first  ratio 

40  gear  and  a  second  member  (190)  rotatably  sup- 
ported  on  the  second  countershaft;  by  synchron- 
izer  clutch  means  (187)  selectively  and  alterna- 
tively  connectible  with  the  second  ratio  gear  and 
the  second  member  of  the  reverse  gear  means; 

45  and  by  second  selectively  engageable  friction 
clutch  means  (132c)  for  selectively  connecting 
the  synchronizer  clutch  means  to  the  second 
countershaft  and  cooperating  therewith  to  selec- 
tively  alternatively  complete  a  reverse  drive  ratio 

so  between  t  he  in  put  shaft  and  t  he  output  shaft  and 
anotherforward  drive  ratio  between  the  input  and 
output  shafts,  the  reverse  drive  ratio  being  trans- 
mitted  to  the  output  shaft  through  the  first  ratio 
gear  and  the  first  ratio  output  gear. 

55 
2.  A  power  transmission  as  claimed  in  Claim  1, 

wherein  the  output  shaft  (48)  is  rotatably  support- 
ed  on  the  input  shaft  (46)  and  in  the  second  end 
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cover  (16);  and  the  first  and  second  counter- 
shafts  (42,44)  are  rotatably  supported  in  both  of 
the  end  covers  (10,14,16). 

3.  A  power  transmission  as  claimed  in  Claim  1  or 
Claim  2,  further  comprising  a  toothed  parking 
pawl  means  (210)  secured  to  one  of  the  first 
member  (146)  and  second  member  (190)  of  the 
reverse  gear  means  for  providing  a  park  secure- 
ment  having  a  torque  ratio  greater  than  one  with 
the  output  shaft  (48). 

Patentanspruche 

1.  Schaltgetriebe,  zu  dem  gehoren 
ein  Gehause  mit  ersten  (10,  14)  und  zwei- 

ten  (16)  Endabdeckungen; 
eine  Antriebswelle  (46),  die  drehbar  in  der 

ersten  Endabdeckung  gehalten  ist; 
eine  Abtriebswelle  (48),  die  drehbar  an  der 

Antriebswelle  und  in  dem  Gehause  gehalten  ist; 
erste  (42)  und  zweite  (44)  Zwischenwel- 

len,  die  drehbar  in  einer  der  Endabdeckungen 
und  in  dem  Gehause  zur  Drehung  an  entspre- 
chenden  Achsen  parallel  zu  der  Antriebswelle 
und  der  Abtriebswelle  gehalten  sind; 

ein  erstes  Kopfzahnrad  (54),  das  kontinu- 
ierlich  mit  der  Antriebswelle  drehbar  ist; 

zweite  (56)  und  dritte  (58)  Kopfzahnrader, 
die  mit  dem  ersten  Kopfzahnrad  kammen  und 
kontinuierlich  mit  der  ersten  bzw.  zweiten  Zwi- 
schenwelle  drehbar  sind; 

eine  Mehrzahl  von  Ubersetzungszahnra- 
dern,  die  drehbar  an  jeder  der  Zwischenwellen 
gehalten  sind  und  zu  denen  ein  erstes  Uberset- 
zungszahnrad  (150)  an  der  ersten  Zwischenwelle 
und  ein  zweites  Ubersetzungszahnrad  (188)  an 
der  zweiten  Zwischenwelle  gehoren; 

ein  Abtriebsgetriebemittel,  das  mit  der  Ab- 
triebswelle  antriebsverbunden  ist  und  ein  Ab- 
triebszahnrad  (208)  fur  ein  erstes  Ubersetzungs- 
verhaltnis,  das  mit  dem  ersten  Ubersetzungs- 
zahnrad  kammt,  und  ein  Abtriebszahnrad  (206) 
fur  ein  zweites  Ubersetzungsverhaltnis,  das  mit 
dem  zweiten  Ubersetzungszahnrad  kammt,  auf- 
weist;  und 

erste  wahlweise  einruckbare  Reibungs- 
kupplungsmittel  (132a)  zur  Verbindung  des  er- 
sten  Ubersetzungszahnrades  mit  der  ersten  Zwi- 
schenwelle,  urn  ein  niedriges  Vorwartsgang- 
Ubersetzungsverhaltnis  zwischen  der  Antriebs- 
und  Abtriebswelle  herzustellen; 

gekennzeichnet  durch 
Ruckwartsgangmittel  mit  einem  ersten  Element 
(146),  das  mit  dem  ersten  Ubersetzungszahnrad 
drehbar  ist,  und  einem  zweiten  Element  (190), 
das  drehbar  an  der  zweiten  Zwischenwelle  gehal- 

ten  ist; 
ein  Synchronisationskupplungsmittel  (187), 

das  wahlweise  und  alternativ  mit  dem  zweiten 
Ubersetzungszahnrad  und  dem  zweiten  Ele- 

5  ment  des  Ruckwartsgangmittels  verbindbar  ist; 
und 

zweite  wahlweise  einruckbare  Rei- 
bungskupplungsmittel  (132c),  urn  das  Synchro- 
nisationskupplungsmittel  wahlweise  mit  der 

10  zweiten  Zwischenwelle  zu  verbinden  und  mit 
dieserzusammenzuwirken  und  hierdurch  wahl- 
weise  und  alternativ  ein  Ruckwartsgang-Uber- 
setzungsverhaltnis  zwischen  der  Antriebswelle 
und  der  Abtriebswelle  und  ein  anderes  Vorwarts- 

15  gang-Ubersetzungsverhaltnis  zwischen  der  An- 
triebs-  und  der  Abtriebswelle  herzustellen,  wobei 
das  Ruckwartsgang-Ubersetzungsverhaltnis  an 
die  Abtriebswelle  durch  das  erste  Ubersetzungs- 
zahnrad  und  das  Abtriebszahnrad  fur  das  erste 

20  Ubersetzungsverhaltnis  ubertragen  wird. 

2.  Schaltgetriebe  nach  Anspruch  1  ,  bei  dem  die  Ab- 
triebswelle  (48)  drehbar  an  der  Antriebswelle  (46) 
und  in  der  zweiten  Endabdeckung  (16)  gehalten 

25  ist;  und  bei  dem  die  erste  und  zweite  Zwischen- 
welle  (42,  44)  drehbar  in  beiden  Endabdeckun- 
gen  (10,  14,  16)  gehalten  sind. 

3.  Schaltgetriebe  nach  Anspruch  1  oder  Anspruch 
30  2,  das  weiterhin  ein  verzahntes  Parkrastmittel 

(21  0)  aufweist,  das  an  dem  ersten  Element  (146) 
oder  dem  zweiten  Element  (1  90)  des  Ruckwarts- 
gangmittels  befestigt  ist,  urn  eine  Parksicherung 
zu  schaffen,  die  ein  Drehmomentubersetzungs- 

35  verhaltnis  mit  der  Abtriebswelle  (48)  besitzt,  das 
grafter  als  eins  ist. 

Revendications 
40 

1  .  BoTte  de  vitesses,  comprenant  un  carter,  compor- 
tantun  premier  (10,  14)  etun  second  (16)  couver- 
cles  d'extremite;  un  arbre  d'entree  (46),  monte 
d'une  maniere  rotative  dans  le  premier  couvercle 

45  d'extremite;  un  arbre  de  sortie  (48),  porte  d'une 
maniere  rotative  sur  I'arbre  d'entree  et  dans  le 
carter;  un  premier  (42)  et  un  second  (44)  arbres 
intermediates,  portes  d'une  maniere  rotative 
dans  I'un  des  couvercles  d'extremite  et  dans  le 

so  carter  de  facon  a  tourner  autour  d'axes  respectifs 
paralleles  a  I'arbre  d'entree  et  I'arbre  de  sortie;  un 
premier  pignon  de  tete  (54),  agence  de  facon  a 
pouvoir  etre  entraTne  en  rotation  d'une  maniere 
continue  avec  I'arbre  d'entree;  un  deuxieme  (56) 

55  et  un  troisieme  (58)  pignons  de  tete,  engrenant 
avec  le  premier  pignon  de  tete  et  agences  de  fa- 
con  a  pouvoir  etre  entraTnes  en  rotation  d'une  ma- 
niere  continue  respectivement  avec  le  premier  et 
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le  second  arbres  intermediaires;  plusieurs  pi-  (48). 
gnons  de  rapport,  portes  d'une  maniere  rotative 
sur  chacun  des  arbres  intermediaires  et  compre- 
nant  un  premier  pignon  de  rapport  (150)  dispose 
sur  le  premier  arbre  intermediaire  et  un  second  5 
pignon  de  rapport  (1  88)  dispose  sur  le  second  ar- 
bre  intermediaire;  un  groupe  de  pignons  de  sor- 
tie,  relies  a  I'arbre  de  sortie  en  transmission  d'en- 
traTnement  et  comprenant  un  premier  pignon  de 
sortie  de  rapport  (208)  engrenant  avec  le  premier  10 
pignon  de  rapport  et  un  second  pignon  de  sortie 
de  rapport  (206)  engrenant  avec  le  second  pi- 
gnon  de  rapport;  et  des  premiers  moyens  d'em- 
brayage  a  friction(  1  32a)  agences  de  facon  a  pou- 
voir  etre  engages  d'une  maniere  selective  et  ser-  15 
vant  a  relier  le  premier  pignon  de  rapport  au  pre- 
mier  arbre  intermediaire  de  facon  a  permettre 
d'obtenir  un  rapport  de  premiere  en  marche  avant 
entre  les  arbres  d'entree  et  de  sortie;  caracteri- 
see  par  un  groupe  de  pignons  de  marche  arriere,  20 
comprenant  un  premier  element  (146)  agence  de 
facon  a  pouvoir  tourner  avec  le  premier  pignon  de 
rapport,  et  un  second  element  (190)  porte  d'une 
maniere  rotative  sur  le  second  arbre  intermediai- 
re;  par  des  moyens  d'embrayage-synchroniseurs  25 
(187),  agences  de  facon  a  pouvoir  etre  relies 
d'une  maniere  selective  et  alternee  au  second  pi- 
gnon  de  rapport  et  au  second  element  du  groupe 
de  pignons  de  marche  arriere;  et  par  des  seconds 
moyens  d'embrayage  a  friction  (132c)  agences  30 
de  facon  a  pouvoir  etre  engages  d'une  maniere 
selective  et  servant  a  relier  d'une  maniere  selec- 
tive  les  moyens  d'embrayage-synchroniseurs  au 
second  arbre  intermediaire  et  a  cooperer  avec  ce 
dernier  de  facon  a  permettre  d'obtenir  d'une  ma-  35 
niere  selective  et  alternee  un  rapport  de  marche 
arriere,  entre  I'arbre  d'entree  et  I'arbre  de  sortie, 
et  un  autre  rapport  de  marche  avant  entre  ces  ar- 
bres  d'entree  et  de  sortie,  le  rapport  de  marche 
arriere  etant  transmis  a  I'arbre  de  sortie  par  Tin-  40 
termediaire  du  premier  pignon  de  rapport  et  du 
premier  pignon  de  sortie  de  rapport. 

BoTte  de  vitesses  suivant  la  revendication  1  ,  dans 
laquelle  I'arbre  de  sortie  (48)  est  porte  d'une  ma-  45 
niere  rotative  sur  I'arbre  d'entree  (46)  et  dans  le 
second  couvercle  d'extremite  (16),  tandis  que  les 
premier  et  second  arbres  intermediaires  (42,  44) 
sont  portes  d'une  maniere  rotative  dans  les  deux 
couvercles  d'extremite  (10,  14,  16).  50 

BoTte  de  vitessessuivant  I'une  des  revendications 
1  et  2,  comprenant  en  outre  des  moyens  a  cliquet 
de  parcage  (210),  a  denture,  fixes  sur  I'un  des 
premier  (146)  et  second  (1  90)  elements  du  grou-  55 
pe  de  pignons  de  marche  arriere,  de  facon  a  four- 
nir  une  securite  de  parcage  possedant  un  rapport 
de  couple  superieur  a  1  avec  I'arbre  de  sortie 
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