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Power  transfer  device  for  four-wheel  drive. 
©  In  a  power  transfer  device  for  four-wheel  drive  including  a 
differential  (10b)  arranged  to  split  the  driving  torque  from  a 
power  transmission  (10a)  into  two  torque  delivery  paths,  a  first 
output  shaft  assembly  (32a,  32b)  in  drive  connection  to  the 
differential  to  transfer  the  split  driving  torque  to  front  or 
rear-wheel  drive  axles  and  a  second  output  shaft  assembly  (16) 
in  drive  connection  to  the  differential  to  transfer  the  split  driving 
torque  to  rear  or  front-wheel  drive  axles,  one  of  the  output  shaft 
assemblies  (16)  being  composed  of  a  pair  of  split  shafts  (16a, 
16b),  a  shift  mechanism  (20)  includes  a  clutch  sleeve  (17) 
slidably  mounted  on  one  of  the  split  shafts  (16a)  for  rotation 
therewith  and  shiftable  between  a  first  position  where  it  is 
engaged  with  the  other  split  shaft  (16b)  and  a  second  position 
where  it  is  disengaged  from  the  other  split  shaft,  a  manually 
operated  plug  member  (21)  rotatably  coupled  within  a  corre- 
sponding  bore  (33a)  in  the  peripheral  wall  of  a  housing  of  the 
transfer  device,  and  a  fastening  bolt  (23)  threaded  into  the 
peripheral  wall  of  the  housing  to  fasten  the  plug  member  to  the 
housing  at  a  rotated  position,  the  plug  member  having  an  inner 
end  portion  integrally  provided  with  an  eccentric  cam  pin  (22) 
which  is  engaged  with  an  annular  groove  (17a)  formed  on  the 
clutch  sleeve  (17). 

Fig.   2  
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Description 

POWER  TRANSFER  DE 

The  present  invention  relates  to  a  power  transfer 
device  for  four-wheel  drive  in  automotive  vehicles, 
and  more  particularly  to  a  power  transfer  device  of 
the  type  in  which  a  shift  mechanism  is  arranged  to 
temporally  provide  a  two-wheel  drive  mode. 

Disclosed  in  Japanese  Utility  Model  Early  Publica- 
tion  No.  61-109831  is  a  power  transfer  device  which 
includes  a  center  differential  of  the  bevel  gear  type 
arranged  to  split  the  driving  torque  from  a  power 
transmission  into  two  torque  delivery  paths  respec- 
tively  for  front-wheel  drive  and  rear-wheel  drive,  a 
front  differential  of  the  bevel  gear  type  arranged 
coaxially  with  the  center  differential  to  transfer  the 
split  driving  torque  from  a  first  side  gear  of  the 
center  differential  to  front-wheel  axles,  and  an 
output  ring  gear  arranged  coaxially  with  the  center 
differential  and  in  surrounding  relationship  with  a 
hollow  shaft  extending  from  a  second  side  gear  of 
the  center  differential  to  transfer  the  split  driving 
torque  from  the  second  side  gear  to  rear-wheel 
axles  through  an  output  gearing  assembly.  In  the 
transfer  device,  a  clutch  sleeve  is  axially  slidably 
mounted  on  the  hollow  shaft  for  rotation  therewith 
and  shiftable  between  a  first  position  where  it  is 
engaged  with  a  mounting  case  of  the  output  ring 
gear  to  provide  a  four-wheel  drive  mode  and  a 
second  position  where  it  is  disengaged  from  the 
mounting  case  of  the  output  ring  gear  to  provide  a 
two-wheel  drive  mode.  A  shift  mechanism  of  the 
clutch  sleeve  includes  a  shift  fork  coupled  with  the 
clutch  sleeve  and  carried  on  an  axially  slidable  fork 
shaft,  an  operation  mechanism  of  the  fork  shaft,  and 
a  detent  mechanism  arranged  to  retain  the  fork  shaft 
in  a  shifted  position. 

In  the  case  that  the  power  transfer  device  is 
adapted  to  a  full-time  four-wheel  drive  vehicle,  the 
clutch  sleeve  is  shifted  to  the  second  position  only 
when  the  vehicle  is  placed  on  a  chassis  dyna- 
mometer  at  its  front  or  rear  road  wheels  for 
measurement  of  emission  gas,  rate  of  fuel  consump- 
tion  or  the  like  or  when  the  vehicle  is  trailed  in  a 
condition  where  it  is  suspended  from  a  tractor  at  its 
front  or  rear  road  wheels.  In  such  adaptation  of  the 
power  transfer  device,  utility  value  of  the  shift 
mechanism  becomes  less  than  in  a  part-time 
four-wheel  drive  vehicle.  It  is,  therefore,  desirable 
that  the  shift  mechanism  is  composed  of  a  small 
number  of  component  parts  and  manufactured 
possibly  at  a  low  cost. 

Accordingly,  a  main  object  of  the  present  inven- 
tion  is  to  provide  an  improved  power  transfer  device 
the  shift  mechanism  of  which  can  be  provided  in  a 
simple  construction  at  a  low  cost. 

According  to  the  present  invention,  the  object  is 
attained  by  providing  a  power  transfer  device  for 
four-wheel  drive  in  combination  with  a  power 
transmission  which  comprises  a  differential  ar- 
ranged  to  split  the  driving  torque  from  the  power 
transmission  into  two  torque  delivery  paths  respec- 
tively  for  front-wheel  drive  and  rear-wheel  drive,  a 
first  output  shaft  assembly  in  drive  connection  to  the 
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differential  to  transfer  the  split  driving  torque  to  front 
or  rear-wheel  drive  axles,  a  second  output  shaft 

5  assembly  in  drive  connection  to  the  differential  to 
transfer  the  split  driving  torque  to  rear  or  front-wheel 
drive  axles,  one  of  the  output  shaft  assemblies  being 
composed  of  a  pair  of  split  shafts,  and  a  shift 
mechanism  including  a  clutch  sleeve  slidably 

10  mounted  on  one  of  the  split  shafts  for  rotation 
therewith  and  shiftable  between  a  first  position 
where  it  is  engaged  with  the  other  split  shaft  to 
select  a  four-wheel  drive  mode  at  the  transfer  device 
and  a  second  position  where  it  is  disengaged  from 

15  the  other  split  shaft  to  select  a  two-wheel  drive  mode 
at  the  transfer  device.  The  power  transfer  device  is 
characterized  in  that  the  shift  mechanism  includes  a 
manually  operated  plug  member  rotatably  coupled 
within  a  corresponding  bore  in  the  peripheral  wall  of 

20  a  housing  of  the  transfer  device,  the  plug  member 
having  an  inner  end  portion  integrally  provided  with 
an  eccentric  cam  pin  which  is  displaced  in  a 
predetermined  distance  from  the  rotation  axis  of  the 
plug  member  and  engaged  with  an  annular  groove 

25  formed  on  the  clutch  sleeve,  and  means  for 
releasably  fastening  the  plug  member  to  the  housing 
at  a  rotated  position. 

In  a  practical  embodiment  of  the  present  inven- 
tion,  it  is  preferable  that  the  plug  member  is 

30  integrally  formed  with  a  flange  portion  to  be  fastened 
to  the  housing  and  has  a  columnar  body  and  a 
hexagonal  head  which  are  integrally  formed  with  the 
flange  portion  for  rotation  therewith,  the  columnar 
body  having  an  inner  end  integrally  formed  with  the 

35  eccentric  cam  pin  and  being  rotatably  coupled  within 
the  corresponding  bore  in  the  peripheral  wall  of  the 
housing  and  that  the  means  for  releasably  fastening 
the  plug  member  is  in  the  form  of  a  fastening  bolt 
threaded  into  the  peripheral  wall  of  the  housing 

40  through  a  hole  in  the  flange  portion  of  the  plug 
member.  Alternatively,  it  is  preferable  that  the  plug 
member  is  made  of  pressed  sheet  metal  and  has  a 
cup-shaped  cylindrical  body  extruded  from  its 
central  portion,  a  grip  portion,  and  a  flange  portion  in 

45  which  is  formed  a  semi-circular  hole,  the  cylindrical 
body  being  provided  at  a  bottom  thereof  with  the 
eccentric  cam  pin  and  being  rotatably  coupled  within 
the  corresponding  bore  in  the  peripheral  wall  of  the 
housing,  and  that  the  means  for  releasably  fastening 

50  the  plug  member  is  in  the  form  of  a  fastening  bolt 
threaded  into  the  peripheral  wall  of  the  housing 
through  the  semi-circular  hole  in  the  flange  portion 
of  the  plug  member. 

For  a  better  understanding  of  the  present  inven- 
55  tion,  and  to  show  how  the  same  may  be  carried  into 

effect,  reference  will  now  be  made,  by  way  of 
example,  to  the  accompanying  drawings,  in  which  : 

Fig.  1  is  a  sectional  plan  view  of  a  power 
transfer  device  for  four-wheel  drive  in  accord- 

60  ance  with  the  present  invention  ; 
Fig.  2  is  an  enlarged  sectional  plan  view 

illustrating  in  detail  component  parts  of  a  shift 
mechanism  shown  in  Fig.  1  ; 

2 
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Fig.  3  is  a  front  view  of  a  manually  operated 
plug  member  in  the  shift  mechanism  ; 

Fig.  4  is  a  sectional  plan  view  of  a  modification 
of  the  shift  mechanism  shown  in  Fig.  2;  and 

Fig.  5  is  a  front  view  of  a  manually  operated 
plug  member  of  sheet  metal  in  the  modification. 

Referring  now  to  the  drawings,  Fig.  1  illustrates  a 
power  transfer  device  in  accordance  with  the 
present  invention  which  is  adapted  to  a  power 
transmission  10a  for  an  automotive  vehicle  of  the 
front-engine  front-wheel  drive  type.  The  power 
transmission  10a  is  fixedly  mounted  to  one  side  of  an 
internal  combustion  engine  (not  shown)  through  a 
clutch  mechanism  (not  shown)  in  a  usual  manner. 
The  engine  is  transversely  mounted  on  the  vehicle. 
The  power  transfer  device  includes  a  front  differen- 
tial  10b  of  the  bevel  gear  type  for  front-wheel  drive, 
an  output  gearing  assembly  10c  for  rear-wheel  drive, 
and  a  shift  mechanism  20  for  selectively  providing  a 
two-wheel  drive  mode  or  a  four-wheel  drive  mode. 
The  front  differential  10b  is  arranged  within  a 
transmission  housing  31  to  split  the  driving  torque 
from  the  power  transmission  10a  into  two  torque 
delivery  paths  respectively  for  front-wheel  drive  and 
rear-wheel  drive. 

The  front  differential  10b  includes  an  input  ring 
gear  11  arranged  to  be  applied  with  the  driving 
torque  from  the  power  transmission  10a,  a  differen- 
tial  casing  12  rotatably  mounted  within  the  trans- 
mission  housing  31,  a  pair  of  pinion  gears  rotatably 
mounted  within  the  differential  casing  12  by  means 
of  a  cross-shaft,  and  a  pair  of  side  gears  13a,  13b 
rotatably  mounted  within  the  differential  casing  12 
and  in  mesh  with  the  pinion  gears.  The  ring  gear  1  1  is 
fixedly  mounted  on  the  differential  casing  12  for 
rotation  therewith.  A  hollow  shaft  14  is  integrally 
formed  with  the  differential  casing  12  to  transfer  the 
split  driving  torque  therethrough  to  the  output 
gearing  assembly  10c.  A  pair  of  solid  side  shafts  32a, 
32b  are  connected  at  their  inner  ends  to  the  side 
gears  13a  and  13b  to  transfer  the  split  driving  torque 
therethrough  to  the  front  road  wheels  of  the  vehicle. 

The  output  gearing  assembly  10c  for  rear-wheel 
drive  includes  a  mounting  case  15a,  an  output  ring 
gear  15b  and  a  drive  pinion  shaft  assembly  16.  The 
mounting  case  15a  is  arranged  coaxially  with  the 
front  differential  10b  and  in  surrounding  relationship 
with  the  right-hand  side  shaft  32b.  The  mounting 
case  15a  is  rotatably  mounted  within  an  extension 
housing  33  secured  to  the  right  end  of  transmission 
housing  31  and  located  in  a  fore-and-aft  direction  of 
the  vehicle.  The  mounting  case  15a  has  a  hollow 
shaft  portion  coupled  with  the  hollow  shaft  14  for 
rotation  therewith.  The  output  ring  gear  15b  is  fixedly 
mounted  on  the  mounting  case  15a  to  transfer  the 
split  driving  torque  from  the  hollow  shaft  14  to  the 
drive  pinion  shaft  assembly  16.  The  drive  pinion  shaft 
assembly  1  6  is  composed  of  a  pair  of  split  shafts  16a, 
16b  which  are  coaxially  arranged  with  each  other  and 
rotatably  mounted  within  the  extension  housing  33. 
The  inner  shaft  16a  is  integrally  formed  with  a  pinion 
which  is  permanently  in  mesh  with  the  output  ring 
gear  15b.  The  outer  shaft  16b  has  an  externally 
splined  inner  end  portion  coupled  with  an  outer  end 
of  inner  shaft  16a  through  a  needle  bearing  for 

relative  rotation.  A  companion  flange  for  drive 
connection  to  a  propeller  shaft  (not  shown)  is 
splined  to  the  outer  end  of  shaft  16b. 

The  shift  mechanism  20  includes  an  internally 
5  splined  clutch  sleeve  17  (slidably  mounted  on  an 

externally  splined  portion!  of  inner  shaft  16a  and 
shiftable  between  a  first  pdsition  where  it  is  engaged 
with  the  externally  splined  inner  end  portion  of  shaft 
16b  to  provide  a  drive  connection  between  shafts 

10  16a  and  16b  and  a  second  position  where  it  is 
disengaged  from  the  externally  splined  inner  end 
portion  of  shaft  16b  to  disconnect  the  drive 
connection  between  the  shafts  76a  and  16b.  As 
clearly  shown  in  Figs.  2  ard  3,  the  shift  mechanism 

15  20  further  includes  a  manually  operated  plug 
member  21  having  an  inner  end  integrally  formed 
with  an  eccentric  cam  pin  22  and  a  flange  portion  21c 
positioned  in  place  by  me^ns  of  a  fastening  bolt  23 
threaded  into  the  extension  housing  33  there- 

20  through.  The  plug  member  21  has  a  columnar  body 
21a  and  a  hexagonal  head  21b  which  are  integrally 
formed  with  the  flange  portion  21c  for  rotation 
therewith.  The  columnar  body  21a  is  rotatably 
coupled  within  a  corresponding  stepped  bore  33a  in 

25  the  peripheral  wall  of  extension  housing  33,  and  the 
hexagonal  head  21  b  is  arranged  to  be  rotated  by  a 
tool  such  as  a  spanner.  The  cam  pin  22  is  displaced 
in  a  predetermined  distance  from  the  central  axis  of 
columnar  body  21a  and  is  engaged  with  an  annular 

30  groove  17a  formed  on  the  clutch  sleeve  17.  The 
flange  portion  21c  of  plug  member  21  is  formed  with 
a  hole  21  d  through  which  the  fastening  bold  23  is 
selectively  threaded  into  a  pair  of  diametrically 
opposed  holes  33b  and  33c  in  the  peripheral  wall  of 

35  extension  housing  33. 
In  the  above  arrangement,  the  plug  member  21  is 

rotatably  coupled  within  the  stepped  bore  33a  at  its 
columnar  body  21a  in  a  liquid-tight  manner  such  that 
the  cam  pin  22  is  engaged  with  the  annular  groove 

40  17a  of  clutch  sleeve  17  and  is  fastened  to  the 
extension  housing  33  by  means  of  bolt  23  threaded 
into  one  of  the  holes  33b,  33c.  Assuming  that  the 
fastening  bolt  23  has  been  threaded  into  the  hole 
33b  as  shown  in  Fig.  3,  the  clutch  sleeve  17  is 

45  retained  in  the  first  position  by  engagement  with  the 
cam  pin  22  of  plug  member  21  to  provide  the  drive 
connection  between  the  shafts  16a  and  16b  for 
four-wheel  drive.  When  it  is  desired  to  select  a 
two-wheel  drive  mode  at  the  power  transfer  device  in 

50  a  condition  where  the  vehicle  is  placed  on  a  chassis 
dynamometer  at  its  front  wheels  or  suspended  from 
a  tractor  at  its  front  wheels,  the  fastening  bolt  23  is 
removed  to  release  the  plug  member  21  from  the 
extension  housing  33,  and  the  plug  member  21  is 

55  rotated  by  the  tool  toward  a  position  where  the  hole 
21  d  of  flange  portion  21c  coincides  with  the  opposite 
hole  33c.  Thus,  as  shown  by  two  dots  and  dash  lines 
in  Fig.  2,  the  cam  pin  22  rotates  with  the  plug 
member  21  to  shift  the  clutch  sleeve  17  to  the 

60  second  position.  Thereafter,  the  fastening  bolt  23  is 
threaded  into  the  hole  33c  to  fasten  the  plug 
member  21  in  the  rotated  position.  As  a  result,  the 
drive  connection  between  shafts  16a  and  16b  is 
disconnected  to  provide  the  two-wheel  drive  mode 

65  at  the  power  transfer  device. 
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In  Figs.  4  and  5  there  is  illustrated  a  modification 
20A  of  the  shift  mechanism  20  wherein  the  drive 
pinion  shaft  assembly  16  is  replaced  with  a  drive 
pinion  shaft  assembly  16A  which  includes  a  pair  of 
split  shafts  16c,  16d  coaxially  arranged  with  each 
other  and  rotatably  mounted  within  a  housing  33A, 
and  wherein  the  shift  mechanism  20  is  replaced  with 
a  shift  mechanism  20A  which  includes  an  internally 
splined  clutch  sleeve  17A  slidably  mounted  on  an 
externally  splined  inner  end  portion  of  shaft  16d  and 
shiftable  between  a  first  position  where  it  is  engaged 
with  an  externally  splied  portion  of  shaft  16c  for 
four-wheel  drive  and  a  second  position  where  it  is 
disengaged  from  shaft  16c  for  two-wheel  drive.  The 
shift  mechanism  20A  further  includes  a  plug  member 
24  of  pressed  sheet  metal,  an  eccentric  cam  pin  25,  a 
fastening  bolt  26  and  a  stepped  retainer  pin  27.  The 
plug  member  24  has  a  cup-shaped  cylindrical  body 
24a  extruded  from  its  central  portion,  a  pair  of 
opposed  grip  portions  24b,  24b,  a  flange  portion  in 
which  is  formed  a  semi-circular  hole  24c,  and  a 
semi-circular  recessed  portion  24d.  The  eccentric 
cam  pin  25  is  secured  to  a  bottom  of  cylindrical  body 
24a  at  a  position  displaced  in  a  predetermined 
distance  from  the  central  axis  of  body  24a  and  is 
arranged  to  be  engaged  with  an  annular  groove  17b 
formed  on  the  clutch  sleeve  17A.  The  stepped 
retainer  pin  27  is  previously  threaded  into  the 
peripheral  wall  of  housing  33A. 

During  assembly  process  of  the  shift  mechanism 
20A,  the  plug  member  24  is  rotatably  coupled  within 
a  corresponding  bore  33d  of  housing  33A  in  such  a 
manner  that  a  semi-circular  recessed  portion  24d  is 
located  at  the  retainer  pin  27  and  that  the  cam  pin  25 
is  engaged  with  the  annular  groove  17b  of  clutch 
sleeve  17A.  When  rotated  in  a  clockwise  direction,  a 
plug  member  24  is  engaged  with  the  retainer  pin  27 
at  its  rim  portion.  Thereafter,  the  fastening  bolt  26  is 
threaded  into  the  peripheral  wall  of  housing  33A 
through  the  semi-circular  hole  24c  in  the  flange 
portion  to  fasten  the  plug  member  24  to  the  housing 
33A.  Assuming  that  the  plug  member  24  has  been 
fastened  in  a  position  shown  in  Fig.  5.  the  clutch 
sleeve  17A  is  retained  in  the  first  position  by 
engagement'  with  the  cam  pin  25  to  provide  a  drive 
connection  between  the  shafts  16c  and  16d  for 
four-wheel  drive.  When  it  is  desired  to  select  a 
two-wheel  drive  mode  at  the  power  transfer  device, 
the  fastening  bolt  26  is  temporally  loosened  to 
permit  clockwise  rotation  of  the  plug  member  24. 
After  the  plug  member  24  has  been  rotated  to  a 
leftward  stroke  end  by  means  of  an  appropriate  tool 
engaged  at  its  grip  portions  24b,  the  fastening  bolt 
26  is  fastened  to  retain  the  plug  member  24  in 
position.  In  such  a  condition,  the  clutch  sleeve  17A  is 
retained  in  the  second  position  by  engagement  with 
the  cam  pin  25  to  disconnect  the  drive  connection 
between  shafts  16c  and  16d  for  two-wheel  drive. 

Claims 

1.  A  power  transfer  device  for  four-wheel 
drive  in  combination  with  a  power  transmission, 
comprising: 

a  differential  arranged  to  split  the  driving  torque 
from  said  power  transmission  into  two  torque 
delivery  paths  respectively  for  front-wheel  drive 
and  rear-wheel  drive; 

5  a  first  output  shaft  assembly  in  drive  connection 
to  said  differential  to  transfer  the  split  driving 
torque  to  front  or  rear-wheel  drive  axles; 
a  second  output  shaft  assembly  in  drive 
connection  to  said  differential  to  transfer  the 

10  split  driving  torque  to  rear  or  front-wheel  drive 
axles,  one  of  said  output  shaft  assemblies  being 
composed  of  a  pair  of  split  shafts  ;  and 
a  shift  mechanism  including  a  clutch  sleeve 
slidably  mounted  on  one  of  said  split  shafts  for 

15  rotation  therewith  and  shiftable  between  a  first 
position  where  it  is  engaged  with  the  other  split 
shift  to  select  a  four-wheel  drive  mode  at  the 
transfer  device  and  a  second  position  where  it 
is  disengaged  from  the  other  split  shaft  to 

20  select  a  two-wheel  drive  mode  at  the  transfer 
device; 
wherein  said  shift  mechanism  includes  a  ma- 
nually  operated  plug  member  rotatably  coupled 
within  a  corresponding  bore  in  the  peripheral 

25  wall  of  a  housing  of  said  transfer  device,  said 
plug  member  having  an  inner  end  portion 
integrally  provided  with  an  eccentric  cam  pin 
which  is  displaced  in  a  predetermined  distance 
from  the  rotation  axis  of  said  plug  member  and 

30  engaged  with  an  annular  groove  formed  on  said 
clutch  sleeve,  and  means  for  releasably  fasten- 
ing  said  plug  member  to  said  housing  at  a 
rotated  position. 

2.  A  power  transfer  device  as  recited  in  Claim 
35  1,  wherein  said  plug  member  is  integrally 

formed  with  a  flange  portion  to  be  fastened  to 
said  housing  and  has  a  columnar  body  and  a 
hexagonal  head  which  are  integrally  formed 
with  said  flange  portion  for  rotation  therewith, 

40  said  columnar  body  having  an  inner  end 
integrally  formed  with  said  eccentric  cam  pin 
and  being  rotatably  coupled  within  the  corre- 
sponding  bore  in  the  peripheral  wall  of  said 
housing,  and  wherein  said  means  for  releasably 

45  fasteing  said  plug  member  is  in  the  form  of  a 
fastening  bolt  threaded  into  the  peripheral  wail 
of  said  housing  through  a  hole  in  the  flange 
portion  of  said  plug  member. 

3.  A  power  transfer  device  as  recited  in  Claim 
50  1,  wherein  said  plug  member  is  made  of 

pressed  sheet  metal  and  has  a  cup-shaped 
cylindrical  body  extruded  from  its  central  por- 
tion,  a  grip  portion,  and  a  flange  portion  in  which 
is  formed  a  semi-circular  hole,  said  cylindrical 

55  body  being  provided  at  a  bottom  thereof  with 
said  eccentric  cam  pin  and  being  rotatably 
coupled  within  the  corresponding  bore  in  the 
peripheral  wall  of  said  housing,  and  wherein 
said  means  for  releasably  fastening  said  plug 

60  member  is  in  the  form  of  a  fastening  bolt 
threaded  into  the  peripheral  wall  of  said  housing 
through  the  semi-circular  hole  in  the  flange 
portion  of  said  plug  member. 
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