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Description 

The  present  invention  relates  to  a  power  trans- 
mission  device  for  a  four  wheel  drive  vehicle,  and 
particularly  to  a  power  transmission  device  for  a 
four  wheel  drive  vehicle  of  the  front  engine  -  front 
wheel  (F.F)  drive  kind. 

Further,  the  present  invention  is  applicable  to 
both  full  time  four  wheel  drive  power  transmission 
devices,  which  transmit  rotation  to  both  front  and 
rear  wheels  at  all  times,  and  part  time  four  wheel 
drive  power  transmission  devices,  which  transmit 
rotation  normally  to  the  front  (or  rear)  wheels  alone 
while  providing  four  wheel  drive  when  required. 

Heretofore,  there  have  been  proposed  various 
kinds  of  power  transmission  devices  for  four  wheel 
drive  vehicles,  which  are  obtained  by  slightly  modi- 
fying  the  power  transmission  devices  for  transverse 
front  engine  -  front  wheel  drive  vehicles. 

Generally,  a  centre  differential  gear  is  indispen- 
sable  for  a  full  time  four  wheel  drive  vehicle  in 
order  to  prevent  the  vehicle  from  experiencing  the 
phenomenon  commonly  known  as  "tight  cornering 
brake",  that  is  a  braking  condition  due  to  the  dif- 
ference  in  rotational  speeds  between  the  front 
wheels  and  rear  wheels  when  the  vehicle  makes  a 
tight  turn  at  low  speed  on  a  road  surface  having  a 
high  friction  co-efficient.  However,  it  is  also  neces- 
sary  to  provide  a  differential  motion  limiting  mecha- 
nism  for  stopping  or  limiting  the  operation  of  the 
centre  differential  gear  since  the  provision  of  the 
centre  differential  gear  leads  to  a  condition  in  which 
no  torque  can  be  transmitted  due  to  the  operation 
of  the  differential  gear  when  the  load  to  one  of  the 
wheels  of  the  four  wheel  drive  vehicle  is  lost.  The 
differential  motion  limiting  mechanism  generally 
comprises  a  sleeve  for  engaging  and  dis-engaging 
the  right  hand  side  gear  of  the  centre  differential 
gear  with  a  pinion  shaft,  this  sleeve  being  slidably 
supported  in  a  shaft  section  of  the  side  gear 
through  splines  so  that  the  front  end  of  the  sleeve 
engages  with,  and  dis-engages  from,  the  pinion 
shaft  in  a  dog  clutch  manner  to  switch  the  opera- 
tion  of  the  centre  differential  gear. 

In  a  part  time  four  wheel  drive  vehicle,  a  fric- 
tion  clutch  is  provided  in  a  transfer  section  for 
transmitting  power  to  the  rear  wheels  in  order  to 
switch  the  power  on  and  off,  that  is,  the  clutch 
switches  the  vehicle  operation  from  the  front  wheel 
drive  mode  to  the  four  wheel  drive  mode,  and  vice 
versa. 

With  a  mechanical  clutch  such  as  a  dog  clutch, 
as  used  in  the  above-mentioned  differential  motion 
limiting  mechanism,  it  is  difficult  to  engage  when  a 
large  difference  in  rotation  exists  between  the  front 
and  rear  wheels,  and  it  is  difficult  to  dis-engage 
when  a  large  surface  pressure  due  to  torque  acts 
upon  the  engaged  tooth  surfaces  of  the  clutch,  with 

the  result  that  this  type  of  mechanical  clutch  cannot 
be  freely  and  instantly  actuated,  presenting  dif- 
ficulty  in  the  control  of  the  power  transmission 
device. 

5  The  above-mentioned  difficulty  in  control  can 
be  eliminated  if  a  friction  clutch  is  used  as  in  a  part 
time  four  wheel  drive  vehicle,  for  switching  be- 
tween  the  two  wheel  drive  mode  and  the  four  wheel 
drive  mode,  but  it  is  difficult  to  accommodate  a 

io  clutch  with  the  required  torque  transmitting  capac- 
ity  in  a  confined  space.  This  results  in  shortage  of 
torque  transmitting  capacity,  particularly  in  the  case 
where  the  clutch  is  mounted  in  the  transmission 
downstream  of  the  final  speed  reduction  gear.  It 

75  may  be  conceived  to  actuate  the  friction  clutch  by 
means  of  a  mechanical  power  boost  mechanism 
such  as  a  cam.  However,  in  such  a  case,  it  is 
difficult  to  control  the  engaging  force  with  accu- 
racy,  and  therefore  difficult  to  control  clutch  slip- 

20  page  with  a  high  degree  of  accuracy.  Hence,  it 
cannot  properly  perform  four  wheel  drive  control 
according  to  road  conditions. 

An  object  of  the  present  invention  is  to  provide 
a  power  transmission  device,  which  can  solve  the 

25  above-mentioned  problems  with  a  compact  struc- 
ture  and  a  sufficient  torque  transmitting  capacity 
while  employing  a  friction  clutch,  and  which  can 
apply  engaging  force  to  the  friction  clutch  with  a 
high  degree  of  accuracy. 

30  According  to  one  aspect  of  the  present  inven- 
tion,  a  power  transmission  device,  for  a  four  wheel 
drive  vehicle  having  an  automatic  transmission  with 
an  output  gear,  comprises: 

a  gear  mount  casing  having  a  ring  gear  mesh- 
35  ed  with  the  output  gear  of  the  automatic  transmis- 

sion, 
a  front  wheel  differential  gearing  installed  in- 

side  the  gear  mount  casing  and  having  a  differen- 
tial  carrier, 

40  a  transfer  unit  mounted  coaxially  with  the  front 
wheel  differential  gearing  and  having  a  centre  dif- 
ferential  gearing  with  a  carrier  coupled  with  the 
gear  mount  casing,  means  for  transferring  rotational 
power  from  the  centre  differential  gearing  to  rear 

45  wheels  and  means  for  transferring  rotational  power 
from  the  centre  differential  gearing  to  the  differen- 
tial  carrier  of  the  front  wheel  differential  gearing, 

a  friction  clutch  situated  between  the  gear 
mount  casing  and  the  differential  carrier  of  the  front 

50  wheel  differential  gearing  and  laid  coaxially  with  the 
front  wheel  differential  gearing  for  constituting  a 
differential  motion  limiting  device  in  a  full  time  four 
wheel  drive  transmission  to  stop  or  limit  differential 
motion  of  the  centre  differential  gearing,  and 

55  a  hydraulic  actuator  having  at  least  two  pistons 
disposed  in  series  in  the  axial  direction  thereof  and 
at  least  two  oil  chambers  separately  formed  by  the 
pistons  and  the  gear  mount  casing,  said  hydraulic 
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actuator  being  connected  to  the  friction  clutch  so 
that  an  amount  of  differential  motion  of  said  centre 
differential  gearing  is  slippingly  controlled  by  vary- 
ing  the  engaging  force  of  said  friction  clutch  based 
on  hydraulic  pressure  applied  to  said  chambers. 

According  to  another  aspect  of  the  present 
invention,  a  power  transmission  device,  for  a  four 
wheel  drive  vehicle  having  an  automatic  transmis- 
sion  with  an  output  gear,  comprises: 

a  gear  mount  casing  having  a  ring  gear  mesh- 
ed  with  the  output  gear  of  the  automatic  transmis- 
sion, 

a  front  wheel  differential  gearing  installed  in- 
side  the  gear  mount  casing  and  having  a  differen- 
tial  carrier  connected  to  the  gear  mount  casing, 

a  transfer  unit  mounted  coaxially  with  the  front 
wheel  differential  gearing  for  transferring  rotational 
power  to  rear  wheels, 

a  friction  clutch  mounted  coaxially  with  the 
front  wheel  differential  gearing  and  situated  in  the 
gear  mount  casing  for  connection  in  a  part  time 
four  wheel  drive  transmission  between  the  differen- 
tial  carrier  and  the  transfer  unit,  and 

a  hydraulic  actuator  having  at  least  two  pistons 
disposed  in  series  in  the  axial  direction  thereof  and 
at  least  two  oil  chambers  separately  formed  by  the 
pistons  and  said  gear  mount  casing,  said  hydraulic 
actuator  being  connected  to  the  friction  clutch  so 
that  transmission  power  between  said  differential 
carrier  and  transfer  unit  is  slippingly  controlled  by 
varying  the  engaging  force  of  said  friction  clutch 
based  on  hydraulic  pressure  applied  to  said  cham- 
bers. 

In  a  first  arrangement  hydraulic  pressure  is  fed 
into  the  respective  oil  chambers  through  passages 
independent  from  one  another,  whereas  in  a  sec- 
ond  arrangement  hydraulic  pressure  is  fed  into  the 
respective  oil  chambers  through  a  common  oil  pas- 
sage. 

Preferably,  said  friction  clutch  is  a  wet  multiple- 
disc  type  clutch. 

Two  examples  of  power  transmission  devices 
for  four  wheel  drive  vehicles  in  accordance  with  the 
present  invention  are  described  below  with  refer- 
ence  to  the  accompanying  drawings  wherein:- 

Figure  1  is  a  cross  sectional  view  illustrating  a 
wet  multiple  disc  type  clutch  in  the  power  trans- 
mission  device  for  a  four  wheel  drive  vehicle 
according  to  the  present  invention; 
Figure  2  is  a  cross  sectional  view  illustrating  a 
power  transmission  device  for  a  full  time  four 
wheel  drive  vehicle  to  which  the  present  inven- 
tion  is  applied; 
Figure  3  is  a  cross  sectional  view  illustrating  the 
front  wheel  differential  gear,  the  differential  mo- 
tion  limiting  device  and  the  transfer  section  in 
the  power  transmission  device  shown  in  Figure 
2;  and 

Figure  4  is  a  cross  sectional  view  of  a  power 
transmission  device  for  a  part  time  four  wheel 
drive  vehicle  to  which  the  present  invention  is 
applied. 

5  A  power  transmission  device  1  for  a  transverse 
front-engine  full-time  four-wheel  drive  vehicle,  is 
provided,  as  shown  in  Fig.  2,  with  a  torque  con- 
verter  unit  2,  an  automatic  transmission  3,  a  front- 
wheel  differential  gear  5,  a  differential  motion  limit- 

io  ing  mechanism  6  and  a  transfer  unit  7,  these  being 
disposed  in  a  trans-axle  housing  9,  a  trans-axle 
casing  10  and  a  transfer  casing  12  which  are 
jointed  to  each  other.  The  torque  converter  section 
2  comprises  a  torque  converter  13  and  a  lock-up 

is  clutch  15,  the  rotation  of  engine  output  shaft  16 
being  transmitted  through  them  to  an  input  shaft 
17.  The  automatic  transmission  3  is  composed  of  a 
three-stage  planetary  gear  unit  which  is  controlled 
by  clutch  and  brake,  the  rotation  of  the  input  shaft 

20  17  being  subjected  to  suitable  speed  reduction  of 
any  of  the  first,  second,  third,  over-drive  and  re- 
verse  gear  stages  and  being  transmitted  to  an 
output  gear  20  rotatably  supported  on  a  shaft  19. 

As  shown  in  Fig.  1  in  detail,  the  above-men- 
25  tioned  front  wheel  differential  gear  5  is  coaxially 

disposed  in  a  mount  casing  25  which  secures  first 
ring  gear  21  meshed  with  the  gear  20  and  which  is 
supported  by  casings  10,  9  through  tapered  roller 
bearings  22,  23.  Its  front  diff-carrier  26  is  rotatably 

30  incorporated  in  the  mount  casing  25.  To  the  diff- 
carrier  26  is  rotatably  supported  a  pinion  shaft  28a 
extending  radially  supporting  a  pinion  28  and  left 
and  right  hand  side  gears  27,  29  are  also  rotatably 
supported  within  the  diff-carrier  26,  extending  lat- 

35  erally.  The  side  gears  27,  29  are  coupled  with  front 
axles  30,  31  so  that  power  can  be  transmitted 
thereto.  The  two  piece  transfer  casing  12  is  incor- 
porated  at  the  right  side  of  the  above-mentioned 
first  ring  gear  mount  casing  25  and  the  front  wheel 

40  differential  gear  5,  in  the  rear  of  the  engine,  and  the 
transfer  unit  7  is  constituted  within  the  transfer 
casing  12,  being  coupled  coaxially  with  the  first 
ring  gear  mount  casing  25  and  the  front-wheel 
differential  gear  5.  The  transfer  unit  7  comprises  a 

45  two  piece  second  ring  gear  mount  casing  32  sup- 
porting  a  rear-wheel  drive  second  ring  gear  35,  and 
which  is  rotatably  supported  to  the  transfer  casing 
12  through  a  pair  of  tapered  roller  bearings  36,  37. 
The  second  ring  gear  35  is  always  meshed  with  a 

50  gear  40  on  the  drive  pinion  shaft  39  that  is  drivingly 
coupled  to  the  rear  axles  through  a  propeller  shaft 
and  a  known  rear  wheel  drive  differential  gear  (not 
shown).  The  center  differential  gear  33  is  disposed 
in  the  second  ring  gear  mount  casing  32,  and  has  a 

55  diff-carrier  41  of  cantilever  structure  which  is  held 
and  supported  between  the  inside  of  the  second 
ring  gear  mount  casing  32  and  the  outside  of  the 
left  hand  side  gear  42.  The  rotation  of  the  first  ring 
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gear  mount  casing  25  is  transmitted  to  the  diff- 
carrier  41  through  a  first  hollow  shaft  45.  A  pinion 
shaft  46a  is  supported  on  the  diffcarrier  41.  The 
second  ring  gear  mount  casing  32  is  spline-coup- 
led  directly  to  the  right  hand  side  gear  43,  and  the 
diff-pinion  46  fitted  on  the  pinion  shaft  46a  is  mesh- 
ed  with  the  left  and  right  hand  side  gears  42,  43, 
the  right  front  axle  piercing  through  both  side  gears 
42,  43  and  projecting  rightward  from  the  right  side 
end  of  the  transfer  casing  12.  The  left  hand  side 
gear  42  in  the  center  differential  gear  33  is  drivin- 
gly  coupled  to  the  front  diff-carrier  26  in  the  front- 
wheel  differential  gear  5  by  means  of  a  second 
hollow  shaft  47  spline-coupled  to  the  left  side  end 
of  the  side  gear  42  and  rotatably  fitted  over  the 
front  axle  31  . 

The  differential  motion  limiting  mechanism  6, 
as  shown  in  detail  in  Fig.  1,  is  disposed  in  the  first 
ring  gear  mount  casing  25  arranged  coaxially  with 
the  front  wheel  differential  gear  5  and  covering  the 
front-wheel  differential  gear  5,  and  comprises  a  wet 
multiple-friction  disc  clutch  50.  The  clutch  50  has 
outer  friction  discs  51  coupled  to  the  mount  casing 
25  and  inner  friction  discs  52  coupled  to  the  diff- 
carrier  26,  these  friction  discs  being  adapted  to  be 
actuated  by  the  first  and  second  pistons  55,  56 
which  are  located  in  a  cylinder  formed  in  the  mount 
casing  25.  A  reaction  plate  53  is  disposed  in  oil- 
tight  manner  between  the  first  and  second  pistons 
55,  56  within  the  cylinder,  the  pistons  hence  con- 
stituting  a  double-piston  type  hydraulic  actuator  54 
in  which  the  first  piston  55  abuts  against  the  outer 
peripheral  flange  section  56a  of  the  second  piston 
56,  which  abuts  in  turn  against  one  side  of  the 
reaction  plate  53.  Oil  passages  57,  59  are  formed 
in  the  part  of  transfer  casing  12  facing  the  transfer 
axle  housing  9,  at  different  angular  positions,  the 
first  oil  passage  57  communicating  with  an  oil 
chamber  60  acting  upon  the  first  piston  55,  through 
an  annular  groove  a  and  oil  grooves  b,  c  which  are 
formed  in  the  first  hollow  shaft  45,  while  the  second 
oil  passage  59  communicates  with  an  oil  chamber 
61  acting  upon  the  second  piston  56  through  an 
annular  groove  d  and  oil  grooves  e,  f. 

Next,  explanation  will  be  made  on  the  operation 
of  the  above-mentioned  arrangement. 

The  rotation  of  the  engine  is  transmitted  to  the 
automatic  transmission  3  through  the  torque  con- 
verter  13  or  the  lock-up  clutch  15,  and  subjected  to 
a  suitable  speed  reduction  at  the  automatic  trans- 
mission  3  and  delivered  to  the  output  gear  20,  and 
is  thereafter  transmitted  to  the  first  mount  casing 
25  through  the  first  ring  gear  21.  During  normal 
operation,  no  hydraulic  pressure  is  applied  to  the 
hydraulic  chambers  60,  61  and  therefore,  the  wet 
multiple-disc  type  clutch  remains  in  disengaged 
condition.  In  this  condition,  the  rotation  of  the  first 
mount  casing  25  is  transmitted  to  the  diff-carrier  41 

in  the  center  differential  gear  33  through  the  first 
hollow  shaft  45,  and  is  then  distributed  and  trans- 
mitted  from  the  diff-pinion  46  to  the  left  and  right 
side  gears  42,  43.  The  rotation  of  the  left  side  gear 

5  42  is  transmitted  to  the  diff-carrier  26  of  the  front 
wheel  differential  gear  5  through  the  second  hollow 
shaft  47  and  is  then  distributed  and  transmitted 
from  the  diff-pinion  28  to  the  left  and  right  hand 
side  gears  27,  29  from  which  the  rotation  is  trans- 

io  mitted  to  the  left  and  right  front  axles  30,  31. 
Meanwhile,  the  rotation  of  the  right  hand  side  gear 
43  is  transmitted  to  the  second  mount  casing  32 
spline-coupled  therewith,  and  then  transmitted 
through  the  rear-wheel  ring  gear  35  and  gear  40  to 

is  the  drive  pinion  shaft  39  from  which  the  rotation  is 
transmitted  to  the  left  and  right  rear  axles  through 
the  propeller  shaft  and  the  rear-wheel  differential 
gear  (not  shown). 

Where  a  tire  may  slip  on  a  snowy  or  icy  road 
20  surface,  etc.,  or  when  any  wheel  drops  in  a  ditch 

and  slippage  occurs,  hydraulic  pressure  is  fed  into 
the  oil  chambers  60,61  to  engage  the  wet  multiple- 
disc  clutch  50.  In  this  condition  the  rotation  of  the 
first  mount  casing  25  is  transmitted  to  the  diff- 

25  carrier  26  in  the  front-wheel  differential  gear  5 
through  the  clutch  50,  and  then  is  transmitted  from 
the  front-wheel  differential  gear  5  to  the  left  and 
right  axles  30,  31.  Simultaneously,  the  diff-carrier 
41  in  the  center  differential  gear  33  and  the  left 

30  hand  side  gear  42  integrally  incorporated  with  the 
first  mount  casing  25  and  the  diff-carrier  26  through 
hollow  shafts  45,47  are  rotated  in  one  piece  with  no 
differential  motion,  the  same  rotation  being  trans- 
mitted  to  the  second  mount  casing  32.  Thus,  rota- 

35  tion  with  speed  equal  to  that  of  the  front-wheel 
drive  diff-carrier  26  is  transmitted  to  the  rear-wheel 
drive  ring  gear  35  to  drive  the  left  and  right  rear 
axles. 

At  this  stage,  the  operation  of  the  first  and 
40  second  pistons  55,  56  may  be  selected  in  accor- 

dance  with  the  condition  of  the  road  surface.  For 
example,  when  it  is  preferable  to  allow  for  a  certain 
degree  of  difference  in  rotational  speeds  between 
the  front  and  rear  wheels  on  a  snowy  road  surface 

45  or  the  like,  hydraulic  pressure  is  fed  into  the  oil 
chamber  60  alone  through  the  oil  grooves  a,  b,  c. 
Then  the  first  piston  55  presses  the  flange  section 
56a  of  the  second  piston  56  to  engage  the  wet 
multiple-disc  clutch  50  with  a  relatively  small  press- 

so  ing  force.  In  this  condition,  when  a  difference  in 
torque  between  the  front  and  rear  wheels  exceeds 
a  predetermined  value,  the  wet  multiple-disc  type 
clutch  50  slips  to  allow  the  torque  to  be  born  by 
the  center  differential  gear  33  so  that  required 

55  torque  can  be  transmitted  to  the  front  and  rear 
wheels  even  when  any  one  of  the  wheels  slips, 
while  preventing  tire  slippage  caused  by  "tight 
cornering  brake"  and  any  rotational  difference  even 

4 
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during  cornering.  Further,  in  the  event  of  any  one 
of  the  front  or  rear  wheels  dropping  in  a  ditch,  in 
addition  to  the  supply  of  hydraulic  pressure  into  the 
oil  chamber  60,  hydraulic  pressure  is  also  fed  into 
the  oil  chamber  61  through  the  oil  passage  59  and 
the  oil  groove  d,  e,  f.  Then,  a  pressing  force  is 
exerted  on  the  second  piston  56  due  to  the  force 
acting  between  the  second  piston  56  and  reaction 
plate  53  in  addition  to  the  pressing  force  exerted 
by  the  first  piston  55,  the  wet  multiple-disc  clutch 
50  engaging  with  a  relative  large  actuating  force.  In 
this  condition  the  clutch  is  virtually  prevented  from 
slipping  so  that  equal  rotation  speed  is  transmitted 
to  both  front  and  rear  wheels,  and  therefore,  a 
disabled  transmission  condition  is  prevented,  en- 
abling  the  wheel  to  escape  from  the  ditch. 

It  is  also  possible  to  feed  hydraulic  pressure 
into  both  oil  chambers  60,61  acting  upon  the  first 
and  second  pistons  55,  56,  respectively,  from  a 
common  oil  passage.  In  this  case,  although  it  is  not 
possible  to  perform  fine  control  as  in  the  case 
where  the  pistons  55,  56  are  individually  actuated, 
a  superimposed  pressing  force  by  the  first  and 
second  pistons  55,  56  can  be  obtained,  so  that,  a 
relatively  large  force  can  be  obtained  in  a  confined 
space.  Further,  since  no  mechanical  power  boost- 
ing  device  is  used,  it  is  possible  to  finely  control 
the  pressing  force,  and  it  is  possible  thereby  to 
control  the  operation  of  the  wet  multiple-disc  clutch 
50  with  a  high  degree  of  accuracy. 

Next,  explanation  will  be  made  concerning  an- 
other  embodiment  in  which  the  present  invention  is 
applied  to  a  power  transmission  device  for  a  part- 
time  four-wheel  drive  vehicle. 

The  power  transmission  device  1'  for  a  trans- 
verse  front  engine  part-time  four-wheel  drive  ve- 
hicle,  comprises,  as  shown  in  Fig.  4,  a  torque 
converter  unit  2,  an  automatic  trasnsmission  3,  a 
front-wheel  differential  gear  5',  a  rear-wheel  drive 
switching  unit  6'  and  a  transfer  section  7'  which  are 
contained  in  a  transfer  axle  housing  9,  a  transfer 
axle  casing  10  and  a  transfer  casing  12  which  are 
jointed  with  each  other.  The  torque  converter  unit  2 
and  the  automatic  transmission  3  are  identical  to 
those  in  the  full-time  type  power  transmission  de- 
vice  1  mentioned  before.  The  front-wheel  differen- 
tial  gear  5'  is  mounted  in  a  ring  gear  mount  casing 
25  securing  the  ring  gear  21  meshed  with  the 
output  gear  20  of  the  automatic  transmission  3,  and 
has  a  front  diff-carrier  26  integrally  fixed  to  the 
mount  casing  25,  the  rotation  of  the  ring  gear  21 
being  transmitted  through  the  differential  gear  5'  to 
cause  differential  rotation  of  the  front  axles  30,  31  . 
The  rear  wheel  drive  switching  unit  6'  comprises  a 
wet  multiple-disc  type  clutch  50  fixed  to  the  mount 
casing  25  together  with  the  diff-carrier  26,  and  the 
clutch  50  is  controlled  by  a  hydraulic  actuator  54 
comprising  double  pistons  55,  56  similar  to  the 

clutch  in  the  differential  motion  limiting  device  as 
mentioned  before,  and  its  output  section  50a  is 
coupled  to  a  hollow  shaft  45'  fitted  over  the  right 
front  axle  31.  The  transfer  unit  7'  comprises  a 

5  transfer  casing  12  and  a  second  ring  gear  mount 
casing  32'  to  which  a  hypoid  ring  gear  35  is  fixed 
and  which  is  spline-coupled  with  the  end  of  the 
hollow  shaft  45',  the'  mount  casing  32'  being 
rotatably  supported  by  the  transfer  casing  12 

io  through  roller  bearings  36,  37.  The  gear  35  is 
meshed  with  a  hypoid  gear  40  fixed  to  the  front 
end  of  a  drive  pinion  shaft  39  extending  rearward, 
the  rotation  of  the  hollow  shaft  45'  being  transmit- 
ted  to  the  drive  pinion  shaft  39  through  the  hypoid 

is  gears  35,  40. 
With  this  arrangement,  the  rotation  of  the  en- 

gine  is  transmitted  to  the  automatic  transmission  3 
through  the  torque  converter  13  or  the  lock-up 
clutch  15,  and  is  then  transmitted  from  the  output 

20  gear  20  of  the  transmission  3  to  the  front  and  left 
front  axles  30,  31  through  the  front-wheel  differen- 
tial  gear  5'  to  drive  the  front  wheels.  The  wet 
multiple-disc  clutch  50  is  changed  over  manually  or 
automatically,  being  engaged  only  when  four  wheel 

25  drive  is  required  for  example,  on  a  snowy  road 
surface.  When  the  clutch  50  is  engaged,  the  rota- 
tion  of  the  output  gear  20  of  the  automatic  speed 
transmission  3  is  transmitted  to  the  hollow  shaft  45' 
through  the  clutch  50,  and  is  further  transmitted  to 

30  the  rear  wheels  through  the  second  ring  gear 
mount  casing  32',  the  hypoid  gears  35,  40  and  the 
drive  pinion  shaft  39  to  drive  the  rear  wheels, 
thereby  establishing  four-wheel  drive  mode. 

When  the  vehicle  travels  in  the  four  wheel  drive 
35  mode  on  a  dirt  road,  a  paved  road  or  the  like, 

hydraulic  pressure  is  fed  into  the  oil  chamber  60 
alone  to  actuate  the  first  piston  55.  In  this  condition 
the  wet  type  multiple-clutch  50  is  engaged  with  a 
relatively  small  force,  and  therefore,  if  a  difference 

40  in  torque  between  the  front  and  rear  wheels  ex- 
ceeds  a  predetermined  value,  slippage  would  occur 
in  the  clutch  50.  Thus,  the  vehicle  can  travel  in  the 
four-wheel  drive  mode  while  preventing  the  "tight 
cornering  brake".  When  the  vehicle  travels  on  a 

45  snowy  road,  a  muddy  road  or  the  like,  hydraulic 
pressure  is  also  fed  into  the  oil  chamber  61  in 
addition  to  the  supply  of  hydraulic  pressure  Into  the 
oil  chamber  60.  Then,  the  actuating  force  of  the 
second  piston  56  is  effected  in  addition  to  the 

50  actuating  force  of  the  first  piston  55,  and  therefore, 
the  wet  multiple-disc  type  clutch  50  is  engaged 
with  a  relatively  large  pressing  force.  In  this  con- 
dition,  slippage  in  the  clutch  50  is  virtually  pre- 
vented  so  that  equal  rotational  speed  is  transmitted 

55  to  the  front  and  rear  wheels,  and  even  if  anyone  of 
the  wheels  slip,  the  vehicle  can  maintain  sure  trac- 
tion  through  the  other  wheels. 

In  this  embodiment  concerning  the  part-time 

5 
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four-wheel  drive,  hydraulic  oil  may  be  fed  into  both 
first  and  second  oil  chambers  60,  61  through  a 
common  oil  passage  as  in  the  above-mentioned 
embodiment  concerning  the  full-time  version.  In 
this  case,  the  superimposed  actuating  force  by  the 
first  and  second  pistons  55,  56  can  be  effected, 
and  therefore,  a  great  torque  transmitting  capacity 
can  be  obtained  in  a  limited  space.  The  multiple 
disc  clutch  50  can  be  controlled  with  a  high  degree 
of  accuracy. 

Next,  the  advantages  obtained  by  the  present 
invention  will  be  explained.  By  using  a  friction  (wet 
multiple-disc  type)  clutch  50,  while  providing 
smooth  operation  and  improved  controllability,  the 
power  transmission  device  can  be  made  compact 
as  the  clutch  50  is  located  in  the  ring  gear  mount 
casing  25  covering  the  front  wheel  differential  gear 
and  coaxial  with  said  differential  gear.  The  power 
transmission  device  for  a  four-wheel  drive  vehicle 
can  be  obtained  by  slight  modification  to  a  power 
transmission  device  for  an  F.  F  vehicle,  and  with  a 
slight  modification  involving  the  replacement  of 
transfer  unit  7,  7'  with  one  another.power  transmis- 
sion  devices  1,  1'  for  both  full-time  and  part-time 
four  wheel  drive  may  be  obtained  enabling  the 
installation  to  cope  with  the  wide  variations  in  the 
types  of  vehicles  without  major  change.  As  the 
friction  (wet  multiple-disc  type)  clutch  is  arranged 
to  be  pressed  by  the  hydraulic  actuator  54  com- 
prising  a  plurality  of  pistons  55,  56  disposed  in 
series,  a  large  engaging  force  in  proportion  to  the 
number  of  the  pistons  can  be  obtained,  within  a 
compact  structure.  Hence,  it  is  possible  to  provide 
a  sufficient  torque  transmitting  capacity,  enabling 
the  friction  clutch  50  to  be  disposed  on  the  down- 
stream  side  of  the  final  reduction  gear  21  where  a 
large  torque  transmitting  capacity  is  required,  so 
that  a  friction  clutch  50  can  be  used  in  the  power 
transmission  device  for  a  four-wheel  drive  vehicle 
based  on  F.  F  type.  As  hydraulic  pressure  is  be  fed 
individually  into  the  hydraulic  chambers  60,  61 
formed  by  the  plurality  of  pistons  55,  56  through 
the  in  respective  oil  passages,  the  slippage  control 
of  the  friction  (wet  multiple-disc  type)  clutch  50  can 
be  made  without  using  complex  mechanisms  such 
as  a  pressure  regulating  solenoid  valve,  or  a  duty 
control  valve,  to  prevent  the  "tight  cornering 
brake",  and  enabling  more  suitable  four  wheel 
drive  control  according  to  road  conditions. 

Claims 

1.  A  power  transmission  device  (1),  for  a  four 
wheel  drive  vehicle  having  an  automatic  trans- 
mission  (3)  with  an  output  gear  (20),  compris- 
ing: 

a  gear  mount  casing  (25)  having  a  ring 
gear  (21)  meshed  with  the  output  gear  (20)  of 

the  automatic  transmission, 
a  front  wheel  differential  gearing  (5)  in- 

stalled  inside  the  gear  mount  casing  (25)  and 
having  a  differential  carrier  (26), 

5  a  transfer  unit  (7)  mounted  coaxially  with 
the  front  wheel  differential  gearing  (5)  and  hav- 
ing  a  centre  differential  gearing  (33)  with  a 
carrier  (41)  coupled  with  the  gear  mount  cas- 
ing  (25),  means  (35,40)  for  transferring  rota- 

io  tional  power  from  the  centre  differential  gear- 
ing  to  rear  wheels  and  means  (47)  for  transfer- 
ring  rotational  power  from  the  centre  differen- 
tial  gearing  to  the  differential  carrier  (26)  of  the 
front  wheel  differential  gearing  (5), 

is  a  friction  clutch  (50)  situated  between  the 
gear  mount  casing  (25)  and  the  differential 
carrier  (26)  of  the  front  wheel  differential  gear- 
ing  (5)  and  laid  coaxially  with  the  front  wheel 
differential  gearing  (5)  for  constituting  a  dif- 

20  ferential  motion  limiting  device  (6)  in  a  full  time 
four  wheel  drive  transmission  to  stop  or  limit 
differential  motion  of  the  centre  differential 
gearing  (33),  and 

a  hydraulic  actuator  (54)  having  at  least 
25  two  pistons  (55,56)  disposed  in  series  in  the 

axial  direction  thereof  and  at  least  two  oil 
chambers  (60,  61)  separately  formed  by  the 
pistons  and  the  gear  mount  casing  (25),  said 
hydraulic  actuator  being  connected  to  the  fric- 

30  tion  clutch  (50)  so  that  an  amount  of  differential 
motion  of  said  centre  differential  gearing  (33)  is 
slippingly  controlled  by  varying  the  engaging 
force  of  said  friction  clutch  based  on  hydraulic 
pressure  applied  to  said  chambers. 

35 
2.  A  power  transmission  device  (1'),  for  a  four 

wheel  drive  vehicle  having  an  automatic  trans- 
mission  (3)  with  an  output  gear  (20),  compris- 
ing: 

40  a  gear  mount  casing  (25)  having  a  ring 
gear  (21)  meshed  with  the  output  gear  (20)  of 
the  automatic  transmission, 

a  front  wheel  differential  gearing  (5')  in- 
stalled  inside  the  gear  mount  casing  (25)  and 

45  having  a  differential  carrier  (26)  connected  to 
the  gear  mount  casing  (25), 

a  transfer  unit  (7')  mounted  coaxially  with 
the  front  wheel  differential  gearing  (5')  for 
transferring  rotational  power  to  rear  wheels, 

50  a  friction  clutch  (50)  mounted  coaxially 
with  the  front  wheel  differential  gearing  and 
situated  in  the  gear  mount  casing  (25)  for 
connection  in  a  part  time  four  wheel  drive 
transmission  between  the  differential  carrier 

55  (26)  and  the  transfer  unit  (7'),  and 
a  hydraulic  actuator  (54)  having  at  least 

two  pistons  (55,56)  disposed  in  series  in  the 
axial  direction  thereof  and  at  least  two  oil 
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chambers  separately  formed  by  the  pistons 
and  said  gear  mount  casing  (25),  said  hydrau- 
lic  actuator  being  connected  to  the  friction 
clutch  (50)  so  that  transmission  power  between 
said  differential  carrier  (26)  and  transfer  unit 
(7')  is  slippingly  controlled  by  varying  the  en- 
gaging  force  of  said  friction  clutch  based  on 
hydraulic  pressure  applied  to  said  chambers. 

3.  A  device  as  set  forth  in  claim  1  or  claim  2, 
wherein  hydraulic  pressure  is  fed  into  the  re- 
spective  oil  chambers  (60,61)  through  pas- 
sages  independent  from  one  another. 

4.  A  device  as  set  forth  in  claim  1  or  claim  2, 
wherein  hydraulic  pressure  is  fed  into  the  re- 
spective  oil  chambers  (60,61)  through  a  com- 
mon  oil  passage. 

5.  A  device  as  set  forth  in  any  preceding  claim, 
wherein  said  friction  clutch  (50)  is  a  wet 
multiple-disc  type  clutch. 

Revendicatlons 

1.  Dispositif  de  transmission  de  puissance  (1),  de 
vehicule  a  quatre  roues  motrices  a  transmis- 
sion  automatique  (3)  dont  I'engrenage  de  sortie 
(20),  prevoit: 

un  boltier  de  montage  des  vitesses  (25)  a 
engrenage  en  couronne  (21)  en  prise  avec 
I'engrenage  de  sortie  (20)  de  transmission  au- 
tomatique, 

un  jeu  differentiel  d'engrenages  de  roues 
avant  (5)  installe  dans  le  boitier  de  montage 
des  vitesses  (25)  et  comportant  un  support  de 
differentiel  (26), 

un  groupe  de  transfert  (7)  monte  coaxial 
avec  les  engrenages  differentiels  de  roue  AV 
(5)  et  ayant  un  jeu  central  d'engrenages  diffe- 
rentiels  (33)  a  support  (41)  accouple  au  boltier 
de  montage  des  vitesses  (25),  des  moyens  de 
transfert  (35,40)  de  puissance  de  rotation  du 
jeu  central  d'engrenages  differentiels  (33)  aux 
roues  AR  et  des  moyens  de  transfert  (47)  de 
puissance  de  rotation  du  jeu  central  d'engrena- 
ges  differentiels  au  support  de  differentiel  (26) 
d'engrenages  differentiels  de  roues  AV  (5), 

un  embrayage  a  friction  (50)  situe  entre  le 
boltier  de  montage  des  vitesses  (25)  et  le 
support  de  differentiel  (26)  des  engrenages 
differentiels  de  roues  AV  (5)  et  monte  en  mode 
coaxial  par  rapport  aux  engrenages  differen- 
tiels  de  roue  AV  (5)  pour  former  un  dispositif 
limiteur  de  motion  differentielle  (6)  en  tran- 
smission  motrice  permanente  a  quatre  roues 
de  fagon  a  immobiliser  ou  freiner  la  motion 
differentielle  du  jeu  central  d'engrenages  diffe- 

rentiels  (33),  et 
une  commande  hydraulique  (54)  ayant  en 

son  sens  axial  un  minimum  de  deux  pistons 
(55,56)  situes  en  serie  et  un  minimum  de  deux 

5  compartiments  a  huile  (60,62)  formes  separe- 
ment  par  les  pistons  et  le  boltier  de  montage 
des  vitesses  (25),  ladite  commande  hydrauli- 
que  etant  raccordee  a  I'embrayage  a  friction 
(50)  de  telle  fagon  a  controler  avec  un  glisse- 

io  ment  une  certaine  motion  differentielle  dudit 
jeu  d'engrenages  differentiels  (33)  par  la  varia- 
tion  de  force  de  prise  dudit  embrayage  selon 
la  pression  hydraulique  appliquee  auxdits  com- 
partiments. 

15 
2.  Dispositif  de  transmission  de  puissance  (1') 

pour  un  vehicule  a  quatre  roues  motrices  ayant 
une  transmission  automatique(3)  avec  engre- 
nage  de  sortie(20),  comportant: 

20  un  boltier  de  montage  des  vitesses  (25) 
comportant  un  engrenage  en  couronne  (21)  en 
prise  avec  I'engrenage  de  sortie  (20)  de  la 
transmission  automatique, 

un  jeu  differentiel  d'engrenages  de  roues 
25  AV  (5')  installe  dans  le  boltier  de  montage  des 

vitesses  (25)  et  ayant  un  support  de  differentiel 
(26),  raccorde  au  boltier  de  pose  des  engrena- 
ges  (25), 

un  groupe  de  transfert  (7')  monte  coaxial 
30  avec  les  engrenages  differentiels  de  roue  AV 

(5')  pour  le  transfert  de  force  motrice  aux 
roues  arriere, 

un  embrayage  a  friction  (50)  monte  coaxial 
avec  les  engrenages  differentiels  de  roue  AV 

35  et  situe  dans  le  boltier  de  montage  des  vites- 
ses  (25)  pour  le  raccord  en  transmission  inter- 
mittente  de  force  motrice  a  quatre  roues  entre 
le  support  de  differentiel  (26)  et  le  groupe  de 
transfert  (7'),  et 

40  une  commande  hydraulique  (54)  ayant  en 
son  sens  axial  un  minimum  de  deux  pistons 
(55,56)  disposes  en  serie  et  un  minimum  de 
deux  compartiments  a  huile  formes  separe- 
ment  par  les  pistons  et  le  boltier  de  montage 

45  des  vitesses  (25),  ladite  commande  hydrauli- 
que  etant  raccordee  a  I'embrayage  a  friction 
(50)  de  telle  fagon  a  controler  avec  un  glisse- 
ment  la  puissance  de  transmission  entre  ledit 
support  de  differentiel  (26)  et  le  groupe  de 

50  transfert  (7')  par  la  variation  de  force  de  prise 
dudit  embrayage  a  friction  selon  la  pression 
hydraulique  appliquee  auxdits  compartiments. 

3.  Dispositif  tel  qu'a  la  revendication  1  ou  a  la 
55  revendication  2,  dont  la  pression  hydraulique 

est  envoyee  dans  les  compartiments  respectifs 
d'huile  (60,61)  par  I'intermediaire  de  conduits 
separes. 

7 
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4.  Dispositif  tel  qu'a  la  revendication  1  ou  la 
revendication  2,  dont  la  pression  hydraulique 
est  envoyee  aux  compartiments  respectifs 
d'huile  (60,61)  par  I'intermediaire  d'un  conduit 
commun. 

5.  Dispositif  tel  qu'a  I'une  des  revendications  pre- 
cedentes,  dont  I'embrayage  a  friction  (50)  est 
du  genre  a  disques  multiples  humides. 

Patentanspruche 

1.  Kraftubertragungsvorrichtung  (1)  fur  ein  Fahr- 
zeug  mit  Vierradantrieb  mit  einem  automati- 
schen  Getriebe  (3)  mit  einem  Abtriebszahnrad 
(20),  mit: 
einem  Getriebegehause  (25)  mit  einem  Ring- 
zahnrad  (21),  das  mit  dem  Abtriebszahnrad 
(20)  des  automatischen  Getriebes  kammt, 
einem  Vorderrad-Differentialgetriebe  (5),  das 
innerhalb  des  Getriebegehauses  (25)  angeord- 
net  ist  und  einen  Differentialtrager  (26)  auf- 
weist, 
einer  Transfereinheit  (7),  die  koaxial  mit  dem 
Vorderrad-Differentialgetriebe  (5)  angeordnet 
ist  und  ein  Mitteldifferentialgetriebe  (33)  mit 
einem  Trager  (41),  der  mit  dem  Getriebege- 
hause  (25)  verbunden  ist,  eine  Einrichtung  (35, 
40)  zum  Ubertragen  einer  Drehkraft  vom  Mittel- 
differentialgetriebe  zu  den  Hinterradern  und 
eine  Einrichtung  (47)  zum  Ubertragen  einer 
Drehkraft  vom  Mitteldifferentialgetriebe  zum 
Differentialtrager  (26)  des  Vorderrad-Differenti- 
algetriebes  (5)  aufweist, 
einer  Reibkupplung  (50),  die  zwischen  dem 
Getriebegehause  (25)  und  dem  Differentialtra- 
ger  (26)  des  Vorderrrad-Differentialgetriebes 
(5)  angeordnet  ist  und  koaxial  mit  dem 
Vorderrad-Differentialgetriebe  (5)  liegt,  urn  eine 
Differentialbewegungsbegrenzungseinrichtung 
(6)  in  einem  Permanent-Vierradantrieb  zu  bil- 
den,  urn  eine  Differentialbewegung  des  Mittel- 
differentialgetriebes  (33)  zu  beenden  oder  zu 
begrenzen,  und  mit 
einer  Hydraulikstelleinrichtung  (54),  mit  minde- 
stens  zwei  Kolben  (55,  56),  die  in  Reihe  und  in 
ihrer  Axialrichtung  angeordnet  sind,  und  mit 
mindestens  zwei  Olkammem  (60,  61),  die 
durch  die  Kolben  und  das  Getriebegehause 
(25)  getrennt  gebildet  werden,  wobei  die  Hy- 
draulikstelleinrichtung  mit  der  Reibkupplung 
(50)  derart  verbunden  ist,  da/S  ein  Teil  der 
Differentialbewegung  des  Mitteldifferentialge- 
triebes  (33)  im  Schlupf  durch  Variieren  der 
Eingriffskraft  der  Reibkupplung  aufgrund  des 
auf  die  Kammern  einwirkenden  Hydraulik- 
drucks  gesteuert  wird. 

2.  Kraftubertragungsvorrichtung  (1')  fur  ein  Fahr- 
zeug  mit  Vierradantrieb  mit  einem  automati- 
schen  Getriebe  (3)  mit  einem  Abtriebszahnrad 
(20),  mit: 

5  einem  Getriebegehause  (25)  mit  einem  Ring- 
zahnrad  (21),  das  mit  dem  Abtriebszahnrad 
(20)  des  automatischen  Getriebes  kammt, 
einem  Vorderrad-Differentialgetriebe  (5'),  das 
innerhalb  des  Getriebegehauses  (25)  angeord- 

io  net  ist  und  einen  Differentialtrager  (26)  auf- 
weist,  der  mit  dem  Getriebegehause  (25)  ver- 
bunden  ist, 
einer  Transfereinheit  (7'),  die  koaxial  mit  dem 
Vorderrad-Differentialgetriebe  (5')  angeordnet 

is  ist,  urn  die  Drehkraft  auf  die  Hinterrader  zu 
ubertragen, 
einer  Reibkupplung  (50),  die  koaxial  mit  dem 
Vorderrad-Differentialgetriebe  angeordnet  und 
in  dem  Getriebegehause  (25)  angeordnet  ist, 

20  urn  in  einem  zeitweisen  Vierradantrieb  eine 
Verbindung  zwischen  dem  Differentialtrager 
(26)  und  der  Transfereinheit  (7')  zu  bilden,  und 
mit  einer  Hydraulikstelleinrichtung  (54)  mit 
mindestens  zwei  Kolben  (55,  56),  die  in  ihrer 

25  Axialrichtung  in  Reihe  angeordnet  sind,  und 
mit  mindestens  zwei  Olkammem,  die  durch  die 
Kolben  und  das  Getriebegehause  (25)  getrennt 
gebildet  werden,  wobei  die  Hydraulikstellein- 
richtung  mit  der  Reibkupplung  (50)  derart  ver- 

30  bunden  ist,  daS  die  zwischen  dem  Differential- 
trager  (26)  und  der  Transfereinheit  (7')  ubertra- 
gene  Kraft  mit  Schlupf  durch  Variieren  der 
Eingriffskraft  der  Reibkupplung  aufgrund  des 
auf  die  Kammern  einwirkenden  Hydraulik- 

35  drucks  gesteuert  wird. 

3.  Vorrichtung  nach  Anspruch  1  oder  2,  wobei 
der  Hydraulikdruck  uber  voneinander  unabhan- 
gige  Kanale  in  die  entsprechenden  Olkammem 

40  (60,  61)  eingeleitet  wird. 

4.  Vorrichtung  nach  Anspruch  1  oder  2,  wobei 
der  Hydraulikdruck  uber  einen  gemeinsamen 
Olkanal  in  die  entsprechenden  Olkammem  (60, 

45  61)  eingeleitet  wird. 

5.  Vorrichtung  nach  einem  der  vorstehenden  An- 
spruche,  wobei  die  Reibkupplung  (50)  eine 
Mehrscheiben-Flussigkeitskupplung  ist. 
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