
19 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number:  0  4 4 9   3 4 4   B 1  

12 EUROPEAN  PATENT  S P E C I F I C A T I O N  

©  Date  of  publication  of  patent  specification 
06.04.94  Bulletin  94/14 

©  int.  ci.5:  F16H  3/08,  F16H  57 /02 ,  
F16D  2 5 / 1 2  

©  Application  number  :  91200387.8 

@  Date  of  filing  :  23.02.91 

(54)  Power  transmission. 

©  Priority  :  30.03.90  US  502196 

@  Date  of  publication  of  application 
02.10.91  Bulletin  91/40 

(45)  Publication  of  the  grant  of  the  patent  : 
06.04.94  Bulletin  94/14 

@  Designated  Contracting  States  : 
DE  FR  GB 

(56)  References  cited  : 
DE-A-  1  902  332 
DE-A-  2  342  771 
DE-A-  2  816  244 
FR-A-  2  624  574 
US-A-  3  011  358 

CO 

CO 

UJ 

@  Proprietor  :  GENERAL  MOTORS 
CORPORATION 
General  Motors  Building  3044  West  Grand 
Boulevard 
Detroit  Michigan  48202  (US) 

©  Inventor  :  Ordo,  James  Patrick 
569  Kings  Cross 
Plainfield,  Indiana  46168  (US) 
Inventor  :  Latshaw,  Harry  Earl 
112  Parkridge 
Danville,  Indiana  46122  (US) 

©  Representative  :  Denton,  Michael  John  et  al 
Patent  Section  1st  Floor  Gideon  House  28 
Chapel  Street 
Luton  Bedfordshire  LU1  2SE  (GB) 

Note  :  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any 
person  may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted. 
Notice  of  opposition  shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been 
filed  until  the  opposition  fee  has  been  paid  (Art.  99(1)  European  patent  convention). 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



1 EP  0  449  344  B1 2 

Description 

This  invention  relates  to  power  transmissions  and 
more  particularly  to  power  transmissions  having  mul- 
tiple  countershafts.  Specifically,  this  invention  relates 
to  a  dowel  and  seal  sleeve  structure  which  provides 
for  alignment  of  the  countershafts,  an  end  support 
plate  and  a  bell  housing  or  engine  mount  and  oil  pas- 
sages  for  lubrication  and  clutch  feed. 

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. 

Afurtherdisadvantage  of  the  prior  art  is  the  need 
for  an  inspection  opening  which  permits  visual  in- 
spection  during  assembly.  This  opening  usually  is 
provided  in  the  bottom  of  the  casing  and  is  covered 
by  a  pan  which  is  secured  to  the  casing  by  fasteners 
during  final  assembly.  A  gasket  must  be  installed  be- 
tween  the  casing  and  the  pan  to  ensure  against  fluid 
leakage  from  the  assembly.  More  than  one  inspection 
port  has  been  provided  in  the  prior  art,  and  each  of 
these  ports  must  be  closed  with  a  gasket,  cover  and 
fasteners  which,  of  course,  add  to  the  overall  cost. 

An  example  of  the  prior  art  is  shown  in  US  Patent 
Re  No.  25,458. 

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  power  transmissions.  In  the  preferred  embodi- 
ment,  the  present  invention  has  an  input  shaft,  two 
countershafts  and  an  output  shaft.  Each  countershaft 
has  pressf  it  thereon  a  pair  of  tapered  roller  bearings. 
Two  end  extensions,  one  formed  on  each  counter- 
shaft  for  the  purpose  of  engaging  a  dowel  and  seal 
sleeve  which  provides  dowel  alignment  at  assembly, 
machining  datums  and  passages  for  lubrication  fluid 
during  transmission  operation.  The  dowel  and  seal 
sleeve  is  pressed  into  prepared  openings  in  the  trans- 
mission  bell  housing.  An  end  support  is  aligned  on  the 
dowel  and  seal  sleeves.  Each  countershaft  and  sup- 

porting  bearings  are  aligned  with  bearing  recesses  in 
the  end  support,  and  the  end  extensions  are  aligned 
in  respective  ones  of  the  dowel  and  seal  sleeves.  This 
will  permit  the  distribution  of  clutch  engagement  fluid 

5  through  a  central  clutch  feed  passage  in  the  counter- 
shaft  and  lube  and  cooling  fluid  through  an  annular 
lube  passage  formed  by  a  bore  in  the  countershaft 
and  a  tube  member  positioned  therein. 

The  centre  of  the  tube  is  subjected  to  high  pres- 
10  sure  fluid  whenever  clutch  engagement  is  desired 

and  the  annular  lube  passage  between  the  tube  and 
the  countershaft  is  supplied  with  lube  fluid  which  is 
conducted  to  the  bearings  and  cooling  fluid  which  is 
supplied  to  the  clutch  assemblies  during  engage- 

rs  ment.  The  supporting  structure  of  the  countershaft 
and  the  end  cover  or  end  support  also  includes  a 
bushing,  which  provides  for  the  dowel  and  seal  sleeve 
structure  between  the  countershaft,  the  end  support 
and  the  bell  housing  or  transmission  housing.  This 

20  combined  dowel  and  seal  sleeve  ensures  dowel  pin 
alignment  between  the  components  and  provides  flu- 
id  passages  to  supply  the  various  fluids  to  the  longi- 
tudinal  passages  in  the  countershaft.  The  seal  ar- 
rangement  and  passages  are  disposed  to  direct  any 

25  leakage  from  the  clutch  feed  circuit  to  the  lube  circuit. 
This  contributes  to  an  increase  in  the  overall  efficien- 
cy  of  the  unit  and  a  reduction  in  the  size  requirement 
of  the  supply  pump. 

The  end  support  in  which  the  input  shaft  is  rotat- 
30  ably  supported  also  has  bearing  locations  for  the 

countershafts.  The  end  support,  after  securement  to 
the  bell  housing,  will  permit  the  assembly  of  the  coun- 
tershafts,  the  input  shaft  and  the  output  shaft,  in  a 
vertical  orientation,  prior  to  the  outer  casing  being  in- 

35  stalled  on  the  power  transmission.  Thus,  as  the  power 
transmission  progresses  along  the  assembly  line,  vis- 
ual  or  automated  inspection  of  the  various  compo- 
nents  on  the  shafts  and  their  relationship  with  other 
portions  of  the  power  transmission  is  always  possi- 

40  ble. 
It  is  an  object  of  this  invention  to  provide  an  im- 

proved  power  transmission  having  a  pair  of  spaced 
parallel  countershafts,  and  an  input  shaft,  wherein  an 
end  support  has  bearing  locations  to  rotatably  sup- 

45  port  one  end  of  each  countershaft  and  the  input  shaft, 
and  wherein  each  countershaft  end  is  rotatably  dis- 
posed  in  a  dowel  and  seal  sleeve  which  is  operable 
to  align  the  end  support  with  the  bell  housing,  such 
that  alignment  between  the  transmission  casing  corn- 

so  ponents  is  controlled  to  the  countershafts. 
This  invention  preferably  provides  an  improved 

multiple  countershaft  transmission  assembly  having 
improved  manufacturability  wherein  bearing  supports 
for  the  countershafts  and  input  shaft  are  located  rel- 

55  ative  to  the  bell  housing  by  dowel  and  seal  sleeves 
and  wherein  a  substantially  cylindrical  outer  casing 
having  shaft  bearing  supports  therein  is  located  on 
the  bell  housing  by  dowel  pins. 
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This  invention  preferably  provides  an  improved 
power  transmission  having  an  input  shaft,  a  longitu- 
dinally  aligned  output  shaft  and  a  pair  of  parallel 
spaced  countershafts  which  rotatably  support  a  plur- 
ality  of  gear  members  meshing  with  gear  members  on 
the  input  and  output  shaft,  respectively,  and  wherein 
an  end  support  is  provided  for  rotatably  supporting 
the  countershaft  and  the  input  shaft  such  that  during 
the  assembly  process,  the  gearing  members  and 
clutch  assemblies  are  visible  in  the  assembled  state 
prior  to  the  installation  of  the  outer  casing  about  the 
gearing  assembly,  allowing  quality  and  automated  in- 
spection. 

The  present  invention  will  now  be  described,  by 
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- 
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; 
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; 
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- 
ing  and  clutch  members  assembled  thereto; 
Figure  6  is  an  end  view  taken  along  line  6-6  of 
Figure  2d;  and 
Figure  7  is  a  plan  view  taken  along  line  7—7  of  Fig- 
ure  6. 
Figures  2a  through  2d,  when  combined  as  shown 

in  Figure  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 

5  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 

10  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 

15  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 

20  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 

25  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  diameter  ends  60  and  62,  re- 

30  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 
68,  a  constant  diameter  portion  70,  a  slightly  larger  di- 

35  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- 
face  84  adjacent  the  bearing  surface  66.  The  coun- 

40  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 
passages  86  and  88  that  extend  inwardly  from  the  re- 

45  duced  diameter  ends  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, 
respectively,  which  cooperate  with  the  respective 

so  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- 
ally  extending  fluid  passages  106  and  108  which  com- 

55  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 
74  adjacent  central  clutch  housing  support  surface 

3 
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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 
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- 
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- 
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. 

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 
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 
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- 

5  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 
10  formed  therein  seal  grooves  162  which  cooperate 

with  a  dowel  and  seal  sleeve  164  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 

15  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 

20  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 

25  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 
30  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- 
ported  on  the  countershaft  44  by  needle  bearings 

35  1  76.  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 
secured  to  the  ratio  gear  174.  The  remaining  compo- 

40  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 
is  a  clutch  assembly  132c  which  is  a  mirror  image  of 

45  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. 

The  output  hub  142c  is  secured  to  a  sleeve  180 
so  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 
(synchronizer  clutch  means)  which  is  selectively  op- 

55  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 
of  the  clutch  assembly  132c  will  establish  a  drive  re- 

4 
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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 
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- 
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 
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 
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 
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- 
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 

5  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  1  32.  Quite  obviously,  only  one  clutch 
assembly  132  through  132d  can  be  engaged  at  any 

10  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- 
15  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 

20  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- 

25  verse  gear  means.  The  meshing  ratio  gear  members 
1  50,  208  and  head  gearset  54-58  establish  the  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 

30  146and  190,  a  separate  idlergearaxis  is  notrequired 
with  the  present  invention. 

A  park  gear  210  is  secured  to  the  reverse  gear 
146  and  therefore  is  connectible  with  the  output  shaft 
48  through  the  low  forward  ratio  of  ratio  gear  mem- 

35  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- 
vantage  is  equal  to  the  ratio  of  the  low  forward  ratio 

40  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 
output  shaft  48  is  controlled  by  cam  shim  packassem- 

45  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- 
vents  rearward  axial  displacement  of  the  outer  cam 

so  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- 
ings  36,  40,  and  38,  respectively,  for  each  of  the  cam 

55  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 
and  the  inner  cam  ring  218  to  enforce  longitudinal 
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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- 
ameter  with  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- 
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 
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- 
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 
bell  housing  14  or  in  the  alternative,  to  the  end  sup- 
port  10.  When  this  assembly  is  completed,  the  adjust- 
ment  mechanisms  provided  by  cam  shim  pack  as- 
semblies  212,  214  and  216  are  manipulated  toensure 
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  desir- 

5  able  to  have  such  flow  but  limits  or  eliminates  fluid 
flow  in  this  circuit  when  the  clutch  assemblies  are  dis- 
engaged.  With  the  reduced  cooling  flow  require- 
ments,  the  system  flow  requirements  are  also  re- 
duced  which  makes  more  fluid  available  for  lubrica- 

10  tion  circuits  and  reduces  the  volume  of  the  control 
pump  required  to  supply  the  fluid  to  the  control  sys- 
tem. 

It  should  be  noted  that  the  arrangement  of  the 
seals,  clutch  feed  passages  and  lube  passages  min- 

is  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 

20  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 

25  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- 

30  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  patent  application 
35  nos.  91200386.0  (MJD/3461)  and  91200388.6 

(MJD/3463),  filed  the  same  day  as  the  present  appli- 
cation. 

40  Claims 

1.  A  power  transmission  comprising  a  housing  in- 
cluding  a  bell  housing  (14),  an  outer  casing  (12), 
and  an  end  cover  (16);  an  input  shaft  (46)  rotat- 

es  ably  supported  on  a  first  bearing  (34);  and  a  pair 
of  countershafts  (42,44)  rotatably  supported  on 
second  (30)  and  third  (32)  bearings;  character- 
ised  by  an  assembly  support  plate  (10)  having 
bearing  locations  (18,20,22)  for  supporting  the 

so  first,  second  and  third  bearings;  in  that  each  of 
the  countershafts  has  a  centrally  disposed  clutch 
feed  passage  (102)  and  an  annular  lubrication 
passage  (98);  by  a  dowel  and  seal  sleeve  mem- 
ber  (164)  secured  in  the  bell  housing  for  each 

55  countershaft,  said  dowel  and  seal  member  in- 
cluding  a  surface  for  locating  the  assembly  sup- 
port  plate  for  positioning  of  the  assembly  support 
plate  during  securement  with  the  bell  housing;  by 
a  radial  passage  (106,108)  for  communicating 
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fluid  with  the  annular  lubrication  passage;  and  by 
an  axial  end  opening  for  communicating  fluid 
pressure  with  the  clutch  feed  passage. 

2.  A  power  transmission  as  claimed  in  Claim  1,  in 
which  each  of  the  countershafts  (42,44)  is  rotat- 
ably  supported  in  bearings  (36,38)  secured  in  the 
outer  casing  (12)  and  has  a  second  central  clutch 
feed  passage  (104)  and  a  second  annular  lubri- 
cation  passage  (100);  wherein  a  sleeve  (164a)  is 
disposed  in  the  end  cover  (16)  and  surrounds 
one  end  of  the  countershaft;  wherein  a  radial  pas- 
sage  (112,114,116,166a)  is  present  for  directing 
fluid  flow  to  the  second  annular  lubrication  pas- 
sage;  and  wherein  an  axial  passage  is  present  for 
communication  with  the  second  clutch  feed  pas- 
sage. 

Patentanspruche 

1.  Ein  Leistungsgetriebe  mit  einem  Gehause,  das 
ein  Glockengehause  (14),  eine  auliere  Umman- 
telung  (12)  und  eine  Endabdeckung  (16)  ein- 
schlielit,  einerEingangswelle  (46),  diedrehbarin  ei- 
nem  ersten  Lager  (34)  gehalten  wird,  und  einem 
Paar  von  Vorgelegewellen  (42,44),  das  drehbar  in 
zweiten  (30)  und  dritten  (32)  Lagern  gehalten  wird, 
gekennzeichnet  durch  eine  Aufbauhalteplatte 
(10)  mit  Lager-Stellen  (18,20,22)  zum  Halten  der 
ersten,  zweiten  und  dritten  Lager,  dadurch,  dali 
jede  der  Vorgelegewellen  einen  zentral  angeord- 
neten  Kupplungszufuhrdurchgang  (102)  und  ei- 
nen  ringformigen  Schmierungsdurchgang  (98) 
aufweist,  durch  ein  Dubel-  und  Abdicht-Hulsen- 
bauteil  (164),  das  im  Glockengehause  fur  jede 
Vorgelegewelle  befestigt  ist,  wobei  das  Dubel- 
und  Abdicht-Bauteil  eine  Flache  zum  Anordnen 
der  Aufbauhalteplatte  zum  Positionieren  der 
Aufbauhalteplatte  wahrend  einer  Befestigung  mit 
dem  Glockengehause  einschlielit,  durch  einen 
radialen  Durchgang  (106,108),  urn  Fluid  mit  dem 
ringformigen  Schmierungsdurchgang  in  Verbin- 
dung  zu  setzen,  und  durch  eine  axiale  Endoff- 
nung,  urn  Fluiddruck  mit  dem  Kupplungszufuhr- 
durchgang  in  Verbindung  zu  setzen. 

2.  Ein  Leistungsgetriebe  wie  in  Anspruch  1  bean- 
sprucht,  in  welcher  jede  der  Vorgelegewellen 
(42,44)  drehbar  in  Lagern  (36,38)  gehalten  wird, 
die  in  der  aulieren  Ummantelung  (12)  befestigt 
sind,  und  einen  zweiten  zentralen  Kupplungszu- 
fuhrdurchgang  (104)  und  einen  zweiten  ringfor- 
migen  Schmierungsdurchgang  (100)  aufweist, 
worin  eine  Hulse  (164a)  in  der  Endabdeckung 
(16)  angeordnet  ist  und  ein  Ende  der  Vorgelege- 
welle  umgibt,  worin  ein  radialer  Durchgang 
(112,114,116,166a)  vorhanden  ist,  urn  einen  Flu- 

idfluli  zum  zweiten  ringformigen  Schmierungs- 
durchgang  zu  leiten,  und  worin  ein  axialer  Durch- 
gang  fur  eine  Verbindung  mit  dem  zweiten  Kupp- 

5  lungszufuhrdurchgang  vorhanden  ist. 

Revendications 

10  1  .  BoTte  de  vitesses,  comprenant  un  carter  compor- 
tant  un  boTtieren  cloche  (14),  un  carter  exterieur 
(12)  et  un  couvercle  d'extremite  (16);  un  arbre 
d'entree  (46),  porte  d'une  maniere  rotative  par  un 
premier  palier  (34);  et  deux  arbres  intermediaires 

15  (42,  44)  portes  d'une  maniere  rotative  par  des 
deuxieme  (30)  et  troisieme  (32)  paliers,  caracte- 
risee  par  une  plaque  de  support  d'assemblage 
(1  0)  comportant  des  emplacements  de  palier  (1  8, 
20,  22)  servant  a  porter  les  premier,  deuxieme  et 

20  troisieme  paliers,  en  ce  que  chacun  des  arbres  in- 
termediaires  comporte  un  passage  d'alimenta- 
tion  d'embrayage  (102)  a  disposition  centrale  et 
un  passage  annulaire  de  lubrification  (98);  par 
une  bague  de  goujonnage  et  d'etancheite  (164) 

25  f  ixee  dans  le  boTtier  en  cloche  pour  chaque  arbre 
intermediaire,  cette  bague  de  goujonnage  et 
d'etancheite  comportant  une  surface  servant  a 
mettre  en  place  la  plaque  de  support  d'assembla- 
ge  en  vue  de  positionner  la  plaque  de  support 

30  d'assemblage  pendant  une  fixation  avec  le  boitier 
en  cloche;  par  un  passage  radial  (106,  108),  ser- 
vant  a  offrir  au  f  luide  une  communication  avec  le 
passage  annulaire  de  lubrification;  et  par  une  ou- 
verture  d'extremite  axiale  servant  a  offrir  a  la 

35  pression  de  fluide  une  communication  avec  le 
passage  d'alimentation  d'embrayage. 

2.  BoTte  de  vitesses  suivant  la  revendication  1  ,  dans 
laquelle  les  arbres  intermediaires  (42,  44)  sont 

40  portes  chacun  d'une  maniere  rotative  par  des  pa- 
liers  (36,  38)  fixes  dans  le  carter  exterieur  (12)  et 
comportent  chacun  un  second  passage  central 
d'alimentation  d'embrayage  (104)  et  un  second 
passage  annulaire  de  lubrification  (100):  dans  la- 

45  quelle  une  bague  (164a)  est  disposee  dans  le 
couvercle  d'extremite  (16)  et  entoure  une  extre- 
mite  de  I'arbre  intermediaire;  dans  laquelle  un 
passage  radial  (112,  114,  116,  166a)  est  menage 
pour  diriger  I'ecoulement  de  fluide  vers  le  second 

so  passage  annulaire  de  lubrification  ;  et  dans  la- 
quelle  un  passage  axial  est  menage  pour  permet- 
tre  une  communication  avec  le  second  passage 
d'alimentation  d'embrayage. 
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