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(54)  System  for  controlling  the  transfer  clutch  of  a  four-wheel  drive  vehicle. 

(g)  A  control  system  for  a  four-wheel  drive  vehicle  having  a 
continuously  variable  transmission,  and  a  fluid  operated 
transfer  clutch  for  transmitting  the  output  of  the  transmission  to  70] auxiliary  drive  wheels  is  disclosed.  A  transfer  control  valve  is  —  z  - 
provided  for  changing  the  amount  of  oil  supplied  to  the  transfer 
clutch  to  selectively  engage  the  clutch,  and  a  three-way 
solenoid  operated  control  valve  is  provided  for  controlling  oil  7"~- 
supplied  to  the  transfer  control.  The  solenoid  operated  control  70bf;: 
valve  has  a  first  port  communicated  with  the  pump,  a  second  "  . 
port  communicating  with  the  transfer  control  valve,  a  drain  port, 
and  a  valve  body  selectively  closing  the  first  port  and  the  drain 
port.  The  solenoid  operated  control  valve  is  operatedby  a  pulse 
train  whose  duty  ratio  is  controlled  to  reduce  the  amount  of  oil 
drained  from  the  drain  port  during  the  changing  of  the  amount 
of  oil  supplied  to  the  transfer  clutch  on  engagement  and 
disengagement  of  the  clutch. 
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Description 

System  for  Controlling  the  Transfer  Clutch  of  a  Four-Wheel  Drive  Vehicle 

The  present  invention  relates  to  a  control  system 
for  four-wheel  drive  vehicle  having  a  continuously 
variable  transmission  including  a  belt-drive  with  5 
servo-controlled  pulleys,  and  more  particularly  to  a 
system  for  controlling  the  transfer  clutch  for  estab- 
lishing  four-wheel  drive. 

Japanese  Patent  Application  Laid  Open  60-64035 
discloses  a  four-wheel  drive  vehicle  of  the  type  in  10 
which  a  transfer  clutch  is  provided  for  transmitting 
the  output  torque  of  a  transmission  to  auxiliary  drive 
wheels.  In  such  a  vehicle,  a  power  transmission  train 
can  be  switched  from  two-wheel  drive  operation  to 
four-wheel  drive  operation  by  engaging  the  transfer  15 
clutch  in  accordance  with  various  driving  conditions 
such  as  rapid  start,  rapid  acceleration  or  decelera- 
tion  of  the  vehicle  and  skidding.  The  driving 
conditions  are  determined  by  detecting  the  dif- 
ference  between  the  rotational  speeds  of  the  front  20 
and  rear  wheels,  the  depression  of  the  accelerator 
pedal  and  brake  pedal  and  position  of  a  shift  lever. 

In  such  a  vehicle,  the  transfer  clutch  is  provided 
with  a  hydraulic  control  circuit  having  a  solenoid 
operated  two-way  valve  and  a  transfer  control  valve.  25 
The  relationship  between  the  duty  ratio  of  the  pulses 
applied  to  a  solenoid  of  the  valve  and  control 
pressure  Pc  applied  to  the  transfer  control  valve,  and 
quantity  Q  of  fluid  drained  from  the  solenoid 
operated  valve  are  shown  in  Fig.  7,  and  the  30 
relationship  between  the  duty  ratio  and  clutch 
torque  of  the  transfer  clutch  is  shown  in  Fig.  8. 
Namely,  when  the  duty  ratio  is  100%,  drain  quantity 
Q  is  maximum  and  control  pressure  Pc  is  at  a 
minimum  value.  Accordingly,  the  pressure  applied  to  35 
the  transfer  clutch  becomes  a  minimum,  thereby 
rendering  the  transfer  clutch  torque  minimum  to 
disengage  the  clutch,  so  as  to  provide  two-wheel 
drive  operation 

In  a  control  system  for  a  known  continuously  40 
variable  transmission  disclosed  in  Japanese  Patent 
Application  Laid  Open  61-105352,  even  if  the 
transmission  ratio  is  changed  quickly  the  amount  of 
oil  supplied  to  the  servo  devices  of  the  pulleys  is 
controlled  so  as  not  to  exceed  the  volumetric  45 
displacement  of  the  pump,  thereby  preventing 
slippage  of  the  belt  on  the  pulleys.  In  the  system, 
when  the  engine  speed  is  in  a  low  range,  the 
displacement  of  the  pump  is  small.  Moreover,  as 
shown  in  Fig.  7,  when  the  two-wheel  drive  mode  is  50 
selected,  the  pulse  train  at  a  duty  ratio  of  100%  is 
applied  to  the  solenoid  operated  valve  so  that  the 
drain  quantity  Q  is  at  maximum.  Accordingly,  if  the 
two-wheel  drive  mode  is  selected  at  low  engine 
speed,  the  amount  of  oil  supplied  to  the  transfer  55 
clutch  is  insufficient  for  establishing  the  two-wheel 
drive  mode.  Consequently,  a  pump  having  a  large 
capacity  must  be  installed. 

The  present  invention  seeks  to  provide  a  system 
for  controlling  a  transfer  clutch  for  a  four-wheel  drive  60 
vehicle  in  which  sufficient  hydraulic  pressure  can  be 
obtained  upon  change  of  the  mode  of  operation 
between  the  two-wheel  and  the  four-wheel  modes. 

According  to  the  present  invention,  there  is 
provided  a  control  system  for  a  four-wheel  drive 
vehicle  having  an  engine,  a  hydraulically  operated 
transmission,  and  a  fluid  operated  transfer  clutch  for 
transmitting  an  output  of  the  transmission  to 
auxiliary  drive  wheels,  the  system  comprising: 
a  hydraulic  circuit  having  a  pump  for  supplying  oil  to 
the  transfer  clutch  through  a  spool  type  transfer 
control  valve; 
a  solenoid  operated  control  valve  for  controlling  oil 
for  shifting  the  spool  of  the  transfer  control  valve  for 
changing  the  amount  of  oil  supplied  to  the  transfer 
clutch  to  selectively  engage  the  clutch; 
the  solenoid  operated  control  valve  having  a  first 
port  communicating  with  the  pump,  a  second  port 
communicating  with  the  transfer  control  valve  for 
applying  oil  to  shift  the  spool,  a  drain  port,  and  a 
valve  body  for  selectively  closing  the  first  port  and 
the  drain  port;  and 
a  control  unit  for  applying  a  pulse  train  to  the 
solenoid; 
the  control  unit  being  arranged  to  control  duty  ratio 
of  the  pulse  train  so  as  to  reduce  the  amount  of  oil 
drained  from  the  drain  port  during  the  changing  of 
the  amount  of  oil  supplied  to  the  transfer  clutch  upon 
engagement  and  disengagement  of  the  clutch. 

In  a  preferred  form  of  the  invention,  the  valve  body 
is  a  ball  urged  by  a  spring  to  close  the  first  port,  th 
duty  ratio  is  set  to  100%  to  open  the  first  port  to 
close  the  drain  port  for  engaging  the  transfer  clutch, 
and  to  0%  to  close  the  first  port  to  open  the  drain 
port  for  disengaging  the  transfer  clutch. 

Some  embodiments  of  the  invention  will  now  be 
described  by  way  of  example  with  reference  to  the 
accompanying  drawings,  in  which: 

Fig.  1  is  a  schematic  diagram  of  a  continu- 
ously  variable  belt-drive  transmission  to  which 
the  present  invention  is  applied; 

Figs.  2  and  3  show  a  hydraulic  control  circuit 
according  to  the  present  invention; 

Fig.  4  shows  a  relationship  between  vehicle 
speed  and  engine  speed; 

Fig.  5  is  a  schematic  diagram  of  a  control 
system  of  the  present  invention; 

Figs.  6a  and  6b  show  a  block  diagram  of  a 
control  unit  of  the  present  invention; 

Fig.  7  is  a  graph  showing  relationships 
between  clutch  control  pressure,  drain  quantity 
and  duty  ratio  of  a  control  signal  in  a  conven- 
tional  transfer  clutch  control  system; 

Fig.  8  shows  a  relationship  between  the  duty 
ratio  and  clutch  torque  in  the  conventional 
system; 

Fig.  9  is  a  graph  showing  relationships 
between  clutch  control  pressure,  drain  quantity 
and  duty  ratio  in  a  system  of  the  present 
invention;  and 

Fig.  10  shows  a  relationship  between  duty 
ratio  and  clutch  torque  in  the  system  of  the 
present  invention. 
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movable  conical  disc  24a  is  axially  slidably  mounted 
on  the  main  shaft  17.  The  movable  conical  disc  24a 
also  slides  in  a  cylinder  27a  secured  to  the  main  shaft 
17  to  form  a  servo  device  27  having  a  chamber  27b. 

5  A  fixed  conical  disc  25b  of  the  driven  pulley  25  is 
formed  on  the  output  shaft  23  opposite  the  movable 
disc  24a  and  a  movable  conical  disc  25a  is  slfdably 
mounted  on  the  shaft  23  opposite  disc  24b.  Movable 
conical  disc  25a  also  slides  in  a  cylinder  28a  secured 

10  to  the  output  shaft  23  to  form  a  servo  device  28. 
Chambers  27b  and  28b  of  the  servo  devices  27  and  . 
28  are  communicated  with  the  oil  pump  31  through  a 
passage  8  and  a  oil  hydraulic  control  circuit  32.  A 
drive  belt  26  engages  with  the  drive  pulley  24  and  the 

15  driven  pulley  25.  The  movable  disc  24a  has  an  area 
exposed  to  the  line  pressure  which  is  larger  than  the 
corresponding  area  of  the  movable  disc  25a. 

Secured  to  the  output  shaft  23  is  a  drive  gear  33 
which  engages  with  an  intermediate  reduction  gear 

20  34  on  an  intermediate  shaft  35.  An  intermediate  gear 
36  on  the  shaft  35  enages  with  a  final  gear  37. 
Rotation  of  the  final  gear  37  is  transmitted  to  axles  39 
and  40  of  front  driving  wheels  through  a  differential 
38. 

25  The  transfer  device  5  comprises  a  transfer  gear  41 
engaged  with  the  final  gear  37  and  rotatably 
mounted  on  a  transfer  shaft  42  which  is  transversely 
disposed  and  rotatably  supported  by  bearings  and  a 
transfer  clutch  43  in  the  form  of  a  fluid  operated 

30  multiple-disk  friction  clutch.  The  transfer  clutch  43 
operates  to  couple  the  gear  41  with  the  shaft  42,  so 
that  the  rotation  of  the  gear  41  is  transferred  to  rear 
drive  wheels  through  shaft  42,  bevel  gear  44  secured 
to  the  shaft,  bevel  gear  45  engaged  with  the  bevel 

35  gear  44,  rear  drive  shaft  46  and  propeller  shaft  5.  The 
transfer  clutch  43  is  communicated  to  the  pump  31 
through  a  clutch  control  circuit  47  which  is  operated 
by  a  control  unit  48. 

Fig.  2  shows  the  hydraulic  control  circuit  32  for  the 
40  automatic  transmission  2.  The  circuit  is  provided 

with  a  pressure  regulator  valve  53  and  a  trans- 
mission  ratio  control  valve  54. 

The  chamber  27b  of  servo  device  27  is  applied 
with  pressurized  oil  by  the  oil  pump  31  ,  from  an  oil 

45  reservoir  52  passing  through  a  filter  51  ,  conduit  49, 
pressure  regulator  valve  53  and  transmission  ratio 
control  valve  54.  The  chamber  28b  of  servo  device  28 
is  applied  with  pressurized  oil  through  passage  50 
without  passing  through  valves  53  and  54.  The 

so  movable  conical  disc  24a  of  the  drive  pulley  24  is  so 
designed  that  the  pressure  receiving  area  thereof  is 
larger  than  that  of  movable  conical  disc  25a  of  the 
driven  pulley  25. 

The  drive  pulley  cylinder  27a  has  an  annular  inside 
55  groove  27c  in  which  a  rotation  speed  sensor  59  in 

the  form  of  a  pitot  tube  is  provided  for  measuring  the 
speed  of  the  oil  in  the  groove  that  is  the  speed  of  the 
main  shaft  17  which  is  proportional  to  the  engine 
speed. 

60  The  transmission  ratio  control  valve  54  comprises 
a  valve  body  55,  spool  56,  spring  57  for  urging  the 
spool  in  the  downshift  direction,  and  actuating 
member  58  for  the  spool  56  and  the  spring  57.  The 
actuating  member  58  engages  a  shift  cam  61  .  The 

65  shift  cam  61  is  operatively  connected  to  an  accelera- 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Fig.  1  shows  a  four-wheel  drive  power  trans- 
mission  system  with  a  continuously  variable  belt- 
drive  automatic  transmission  for  a  motor  vehicle,  to 
which  the  present  invention  is  applied.  An  engine  E 
is  transversely  mounted  on  a  motor  vehicle  at  a  front 
portion  thereof.  The  power  transmission  system 
comprises  an  electromagnetic  powder  clutch  1,  a 
selector  device  6,  a  continuously  variable  belt-drive 
transmission  2,  a  final  reduction  device  3  for  front 
wheels,  and  a  transfer  device  4.  A  crankshaft  10  of 
the  engine  E  is  connected  to  an  annular  drive 
member  11  of  the  electromagnetic  powder  clutch  1. 
The  electromagnetic  powder  clutch  1  comprises  a 
driven  member  13  secured  to  an  input  shaft  12  of  the 
belt-drive  transmission  2  and  a  magnetizing  coil  13a 
provided  in  the  drive  member  1  1  .  Magnetic  powder 
is  provided  in  a  gap  between  the  drive  member  11 
and  driven  member  13. 

When  the  magnetizing  coil  13a  is  excited  by  the 
clutch  current,  drive  member  11  is  magnetized  to 
produce  a  magnetic  flux  passing  through  the  driven 
member  13.  The  magnetic  powder  is  aggregated  in 
the  gap  by  the  magnetic  flux  and  the  driven  member 
13  is  engaged  with  the  drive  member  11  by  the 
powder.  On  the  other  hand,  when  the  clutch  current 
is  cut  off,  the  drive  and  driven  members  11  and  13 
are  disengaged  from  one  another. 

The  selector  device  6  is  provided  between  the 
input  shaft  12  and  a  main  shaft  17.  The  main  shaft  17 
is  cylindrical  and  is  disposed  coaxially  with  the  input 
shaft  12.  The  selector  device  6  comprises  a  drive 
gear  18  integral  with  input  shaft  12,  reverse  driven 
gear  19  rotatably  mounted  on  the  main  shaft  17,  and 
a  synchronizer  22  mounted  on  the  main  shaft  17.  The 
drive  gear  18  meshes  with  one  of  counter  gears  20. 
Another  gear  of  the  counter  gear  20  engages  with  an 
idler  gear  21  which  in  turn  engages  with  the  driven 
gear  19. 

The  synchronizer  27  has  a  well  known  mechanism 
and  comprises  a  hub  secured  to  the  main  shaft  17,  a 
synchronizer  sleeve  slidably  engaged  with  the  hub 
with  splines.  The  synchronizer  sleeve  29  is  adapted 
to  engage  with  splines  of  the  drive  gear  18  or  with 
splines  of  driven  gear  19. 

At  a  neutral  position  (N  range)  or  a  parking 
position  (P  range)  of  a  selector  lever  (not  shown), 
the  synchronizer  22  does  not  engage  either  gear,  so 
that  the  main  shaft  17  is  disconnected  from  the  input 
shaft  12.  When  the  synchronizer  22  is  engaged  with 
the  gear  18,  the  input  shaft  12  is  connected  to  the 
main  shaft  17  through  the  gear  18  and  synchronizer 
22  to  provide  a  drive  range  position  (D  range).  When 
the  synchronizer  22  is  engaged  with  the  gear  19,  the 
input  shaft  12  is  connected  to  the  main  shaft  17 
through  gears  18,  20,  21  and  19  to  provide  a  reverse 
drive  range  position  (R  range). 

The  main  shaft  17  has  an  axial  passage  in  which  an 
oil  pump  driving  shaft  30  connected  to  crankshaft  10 
is  mounted.  In  the  transmission  2,  an  output  shaft  23 
is  provided  in  parallel  with  the  main  shaft  17.  A  drive 
pulley  24  and  a  driven  pulley  25  are  mounted  on 
shafts  17  and  23.  A  fixed  conical  disc  24b  of  the  drive 
pulley  24  is  integral  with  main  shaft  17  and  an  axially 
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pump  31  through  port  80a,  a  passage  70  with  an 
orifice  78a  and  a  passage  74  having  an  orifice  78b. 
The  spool  81  is  shifted  by  the  difference  between  the 
forces  exerted  on  its  two  ends,  i.e.  the  difference 

5  between  the  pressure  of  oil  in  the  chamber  80c  and 
the  force  of  the  spring  82.  When  the  spool  81  is 
upwardly  shifted,  a  drain  port  80b  opens,  thereby 
draining  the  oil  in  the  chamber  80c.  When  the  spool 
81  is  downwardly  shifted,  the  port  80a  opens,  so  that 

10  oil  is  supplied  to  the  chamber  80c  through  passage 
74.  Thus,  the  pressure  of  oil  in  the  chamber  80c  is 
kept  constant. 

The  transfer  clutch  control  valve  72  comprises  a 
valve  body  83,  spool  84  having  two  pistons  which  are 

15  different  in  diameter,  end  chamber  85  communi- 
cated  with  the  chamber  80c  of  the  pressure 
regulator  valve  75  through  the  solenoid  operated 
valve  77  and  a  passage  76  having  an  orifice  78.  A  port 
83a  of  the  valve  72  is  communicated  with  the 

20  passage  70  through  an  orifice  78a,  and  a  port  83b  is 
communicated  with  the  piston  chamber  of  the 
transfer  clutch  43  through  a  passage  73.  When  the 
spool  84  is  move  downwardly  by  a  spring  86,  83a 
port  is  closed  and  drain  port  83c  is  opened,  so  that 

25  clutch  pressure  Pt  applied  to  the  transfer  clutch  43 
decreases.  To  the  contrary,  when  the  spool  84  is 
upwardly  shifted  by  control  pressure  Pc  at  chamber 
85,  port  83a  opens  to  increase  the  clutch  pressure 
Pt. 

30  Thus,  equation  for  the  control  pressure  Pc,  clutch 
pressure  Pt,  force  F  exerted  by  the  spring  154,  the 
area  S1  of  a  large  diameter  piston  and  the  area  S2  of 
a  small  diameter  piston,  is 
Pc  •  S2  +  Pt  (S1  -  S2)  =  F 

35  Therefore 
Pt  =  (S1  •  Pb  -  F)/(S1  -  S2) 
=  {  S1/(S1-S2)}  Pc-F/(S1-S2) 

Since  S1,  S2  and  F  are  constant,  the  clutch 
pressure  Pt  is  proportional  to  the  control  pressure 

40  Pc 
The  accumulator  71  is  provided  for  accumulating 

the  oil  for  the  transfer  clutch  43  when  the  oil  is 
suddenly  applied  to  the  transfer  clutch  43.  The 
accumulator  71  may  be  obviated  if  sufficient  amount 

45  of  oil  can  be  supplied  to  the  transfer  clutch  43. 
The  solenoid  operated  control  valve  77  is  a 

normally  open  three-way  valve  having  a  solenoid  93, 
ball  77a,  port  77c  communicated  with  the  chamber 
80c  of  the  pressure  regulator  valve  80  through  the 

50  passage  76,  port  77d  communicated  with  the 
chamber  85  of  the  transfer  clutch  control  valve  72, 
drain  port  77e  and  spring  77b.  The  spring  77b  urges 
the  ball  77a  to  close  the  port  77c.  When  the  solenoid 
93  is  energized  by  a  pulse  train  applied  from  the 

55  control  unit  48,  the  ball  77a  is  lifted  to  open  the  port 
77c.  Consequently,  control  pressure  is  applied  to  the 
chamber  85  of  the  transfer  clutch  control  valve  72 
through  ports  77c  and  77d.  Accordingly,  the  port  83a 
of  the  transfer  clutch  control  valve  72  is  opened  so 

60  as  to  apply  clutch  pressure  to  the  transfer  clutch  43. 
As  shown  in  Fig.  9,  the  amount  of  drain  Q  from  the 

drain  port  77e  passing  through  the  passage  76  and 
port  77c,  is  zero  when  duty  ratio  of  the  pulse  train  is 
at  0%,  because  the  port  77c  is  closed  by  the  ball 

65  77a.  The  amount  Q  increases  as  the  duty  ratio 

tor  pedal  of  the  motor  vehicle  so  as  to  be  rotated  in 
dependence  on  the  magnitude  of  depression  of  the 
pedal.  A  port  55b  of  the  valve  54  is  selectively 
communicated  with  a  pressure  oil  supply  port  55c  or 
a  drain  port  55d  in  accordance  with  the  position  of 
lands  56a  and  56b  of  spool  56.  Port  55b  communi- 
cates  with  chamber  27b  through  a  conduit  49a,  and 
port  55c  communicates  with  pressure  regulator 
valve  53  through  a  conduit  49b.  The  drain  port  55d 
communicates  with  the  oil  reservoir  52  through  ports 
63f  and  63d  and  a  conduit  62.  An  end  chamber  55a  of 
the  transmission  ratio  control  valve  54  is  applied  with 
the  pitot  pressure  from  the  pitot  pipe  59  provided  in 
the  drive  pulley  24  through  a  passage  60. 

Thus,  the  spool  56  is  shifted  in  dependence  on  the 
pitot  pressure  dependent  on  the  engine  speed  and 
on  the  pressure  by  the  spring  57  dependent  on  the 
magnitude  of  depression  of  the  accelerator  pedal. 
The  amount  of  oil  supplied  to  the  chamber  27b 
increases  with  increase  of  engine  speed  to  provide 
the  upshift  of  the  transmission. 

The  pressure  regulator  valve  53  comprises  a  valve 
body  63,  spool  64,  and  a  spring  65  for  urging  the 
spool  64  to  the  right.  A  land  64b  of  the  spool  64  is 
applied  with  pressure  of  the  pressure  oil  supplied 
through  a  conduit  49c  and  a  port  63b,  so  that  the 
spool  64  is  moved  to  the  left  by  the  oil  pressure  at 
the  port  63b.  A  first  end  chamber  63a  of  the  pressure 
regulator  valve  53  is  applied  with  the  pitot  pressure 
from  the  pitot  pipe  59  through  the  passage  60.  The 
other  end  of  spring  65  engages  with  a  slidable  spring 
retainer  67  which  is  moved  through  an  arm  66a  and  a 
rod  66.  The  rod  66  engages  the  disc  24a  of  the  drive 
pulley  24  for  detecting  transmission  ratio  during 
operation.  A  port  63c  connected  with  conduit  49c  is 
communicated  with  a  conduit  49b.  A  port  63d  is 
communicated  with  the  oil  reservoir  52  through  a 
conduit  62.  The  spool  64  is  shifted  to  the  right  and  to 
the  left  by  the  pitot  pressure  and  the  urging  of  the 
spring.  Therefore,  line  pressure  is  controlled  in 
accordance  with  the  communication  of  the  port  63c 
with  the  conduit  62.  The  spool  64  is  applied  with  the 
pitot  pressure,  with  the  pressure  applied  to  the 
chamber  28b,  and  with  the  pressure  of  the  spring  65 
dependent  on  the  transmission  ratio.  When  the 
engine  speed  increases,  the  pitot  pressure  in- 
creases.  Thus,  the  spool  64  is  shifted  to  the  left  so 
that  the  line  pressure  decreases.  On  the  other  hand, 
as  the  transmission  ratio  increases,  the  rod  66 
moves  to  the  left  to  rotate  the  arm  66a  in  the 
counterclockwise  direction.  Thus,  the  spool  64  is 
shifted  to  the  right,  so  that  the  line  pressure  is 
increased.  Accordingly,  the  belt  26  is  always  held  by 
proper  pressure  of  movable  discs  24a  and  25a  in 
accordance  with  the  transmission  ratio.  The  passage 
49c  is  further  communicated  with  the  hydraulic 
clutch  control  circuit  47  which  is  shown  in  Fig.  3. 

The  control  circuit  47  comprises  a  pressure 
regulator  valve  75,  a  transfer  clutch  control  valve  72 
for  controlling  the  oil  supplied  to  the  transfer  clutch, 
a  solenoid  operated  control  valve  77,  an  accumulator 
71  and  a  control  unit  48.  The  pressure  regulator  valve 
75  comprises  a  valve  body  80,  spool  81  ,  chamber 
80b.  spring  82  for  urging  the  spool  to  the  chamber 
80c.  The  chamber  80c  is  communicated  with  the 
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Referring  to  Figs.  6a  and  6b,  the  control  unit  48  is 
provided  with  a  reference  engine  speed  providing 
means  104  where  a  reference  engine  speed  is  set. 
The  reference  engine  speed  is  applied  to  a  compara- 

5  tor  105  to  which  an  actual  engine  speed  from  the 
engine  speed  sensor  102  is  also  applied.  An  output 
signal  of  the  comparator  105  is  fed  to  a  first  control 
condition  determining  means  106  where  a  first 
driving  condition  is  determined  when  the  engine 

10  speed  is  smaller  than  the  reference  engine  speed.  A 
first  condition  signal  from  the  first  control  condition 
determining  means  106  is  applied  to  a  duty  signal 
providing  means  115. 

The  control  unit  48  has  a  reference  accelerator 
15  pedal  depressing  degree  providing  means  107 

where  a  reference  depressing  degree  is  set,  a 
comparator  108  to  which  an  actual  pedal,  depressing 
degree  is  fed  so  as  to  be  compared  with  the 
reference  degree.  The  output  signal  of  the  compara- 

20  tor  108  is  fed  to  a  control  condition  I  determining 
means  109  where  a  control  condition  I  is  determined 
when  the  actual  accelerator  pedal  depressing  de- 
gree  is  larger  than  the  reference  degree.  The 
accelerator  pedal  depressing  degree  is  further  fed  to 

25  a  differentiation  means  1  1  1  .  An  output  signal  of  the 
differentiation  means  111  representing  the  rate  of 
the  depression  is  fed  to  a  comparator  112  where  a 
differentiation  of  the  depressing  degree  is  compared 
with  a  reference  depressing  degree  changing  rate 

30  from  a  reference  accelerator  pedal  position  chang- 
ing  rate  providing  means  1  10.  An  output  signal  of  the 
comparator  112  is  fed  to  a  control  condition  II 
determining  means  113  where  control  condition  II  is 
determined  when  the  differentiation  is  larger  than 

35  the  reference  rate.  The  output  signals  of  the  control 
condition  !  determining  means  109  and  control 
condition  II  determining  means  113  are  fed  to  a 
second  control  condition  determining  means  114 
which  applies  an  output  signal  to  the  duty  signal 

40  providing  means  115  when  the  vehicle  is  under  the 
condition  I  or  II.  The  duty  signal  providing  means  115 
applies  a  duty  signal  to  the  solenoid  93  of  the 
solenoid  operated  valve  77  so  as  to  provide  the 
transfer  clutch  43  with  hydraulic  pressure,  thereby 

45  establishing  a  four-wheel  drive  mode. 
The  control  unit  48  is  further  provided  with  a 

differentiation  means  117  where  vehicle  speed  V  is 
differentiated  when  the  brake  switch  101  is  closed.  A 
differentiation  is  applied  to  a  comparator  118  to 

50  which  a  reference  vehicle  speed  changing  rate  from 
a  reference  vehicle  speed  changing  rate  providing 
means  116  is  applied.  A  third  control  condition 
determining  means  119  determines  third  control 
condition  when  the  differentiation  is  larger  than  the 

55  reference  rate.  An  output  signal  of  an  oil  tempera- 
ture  sensor  120  is  applied  to  a  fourth  control 
condition  determining  means  121  where  fourth 
control  condition  is  determined  when  the  oil  tem- 
perature  is  higher  than  a  predetermined  reference 

60  temperature.  Output  signals  of  the  third  and  fourth 
control  condition  determining  means  119  and  121 
are  applied  to  the  duty  signal  providing  means  115 
so  as  to  correct  the  duty  signal. 

In  accordance  with  the  present  invention,  a 
65  reference  low  engine  speed  providing  means  131  is 

increases  since  the  ball  77a  is  raised  to  open  the 
port  77c  and  thereafter  becomes  zero  at  the  duty 
ratio  100%. 

On  the  other  hand,  the  control  pressure  Pc  is 
increased  as  the  duty  ratio  is  increased  from  0%'  to 
100%. 

Fig.  10  shows  a  relationship  between  the  clutch 
torque  and  duty  ratio.  When  the  duty  ratio  is  at  0%, 
the  control  pressure  Pc  is  at  a  minimum  value.  Thus, 
the  clutch  torque  is  zero,  which  means  disengage- 
ment  of  the  clutch.  As  the  duty  ratio  increases,  the 
control  pressure  Po  increases,  thereby  increasing 
the  clutch  torque.  When  the  duty  ratio  is  100%,  the 
clutch  torque  is  at  the  largest  value  so  that 
four-wheel  drive  is  established. 

The  relationship  between  vehicle  speed  V  and 
engine  speed  Ne  of  a  vehicle  having  the  continu- 
ously  variable  belt-drive  transmission  has  a  pattern 
in  accordance  with  load  as  shown  in  Fig.  4.  Namely, 
at  a  light  load,  the  transmission  ratio  changes  along 
a  transmission  ratio  changing  line  i"i  at  a  low  engine 
speed  Nl,  at  a  middle  load,  the  transmission  ratio 
changes  along  a  line  £z  at  an  engine  speed  Nm,  and 
at  a  heavy  load,  the  transmission  ratio  changes  along 
a  line  £3  at  a  high  engine  speed  Nh.  Accordingly,  a 
throttle  valve  position  B  can  be  provided  from  the 
graph  of  Fig.  4  in  dependency  on  the  engine  speed 
Ne  and  vehicle  speed  V.  Thus,  engine  torque  Te  can 
be  obtained  from  throttle  position  and  engine  speed. 

Referring  to  Fig.  5  showing  a  control  system  of  the 
present  invention,  a  manual  switch  91  for  switching 
the  driving  modes  between  four-wheel  driving  mode 
and  two-wheel  driving  mode  is  provided  adjacent  a 
shift  lever  90.  The  switch  91  is  connected  in  series 
with  the  solenoid  93  of  the  solenoid  operated  valve 
77  and  a  battery  94.  An  automatic  switch  96  is  further 
provided  in  parallel  with  the  manual  switch  91,  for 
automatically  establishing  the  four-wheel  driving 
regardless  of  the  position  of  the  manual  switch  91  in 
accordance  with  a  control  signal  from  the  control 
unit  48. 

The  system  has  a  vehicle  speed  sensor  97a  for 
detecting  vehicle  speed  in  dependency  on  front- 
wheel  rotational  speed,  vehicle  speed  sensor  97b  for 
detecting  vehicle  speed  in  dependency  on  rear- 
wheel  rotational  speed,  an  accelerator  pedal  posi- 
tion  sensor  99  for  detecting  the  depressing  degree 
of  a  accelerator  pedal  98,  a  brake  switch  101  for 
sensing  the  depression  of  a  brake  pedal  100,  an 
engine  speed  sensor  102  and  an  inhibitor  switch  103 
provided  on  the  shift  lever  90.  When  the  N  range.or  P 
range  is  selected  by  the  shift  lever  90,  the  inhibitor 
switch  103  is  closed  so  as  to  inhibit  the  mode 
changing  operation  of  the  control  unit  48. 

The  output  signals  of  the  sensors  and  switches 
are  applied  to  the  control  unit  48  in  order  to 
determine  the  driving  modes  such  as  vehicle  start 
mode,  accelerating  mode,  steady  driving  mode,  so 
that  the  transmission  ratio  may  be  controlled. 
Moreover,  when  a  driving  range  other  than  N  range 
or  P  range  is  determined  in  accordance  with  the 
output  signal  of  the  inhibitor  switch  103,  the 
four-wheel  driving  mode  or  a  two-wheel  driving 
mode  is  determined,  thereby  controlling  the  sole- 
noid  93  of  the  solenoid  operated  valve  77. 
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depressed  more  than  the  reference  degree  or  if  the 
depressing  degree  of  the  accelerator  pedal  is 
changed  at  a  higher  rate  than  the  reference  rate,  that 
is,  the  first  and  second  control  conditions  are 

5  determined  at  the  determining  means  106  and  1  14  of 
the  control  unit  48,  respectively,  the  four-wheel 
mode  is  selected.  Accordingly,  the  control  unit  48 
applies  a  signal  to  the  automatic  switch  96  to  close 
the  switch  to  establish  the  four-wheel  driving  mode, 

10  although  the  two-wheel  mode  may  be  selected  by 
the  driver.  Therefore,  the  duty  signal  providing 
means  115  applies  a  duty  ratio  signal  of  100%  to  the 
solenoid  93,  thereby  applying  oil  to  the  transfer 
clutch  43.  The  duty  ratio  is  corrected  when  the 

15  vehicle  speed  changes  at  a  higher  rate  than  the 
reference  rate,  or  when  the  oil  temperature  is  higher 
than  the  refence  value.  As  a  result,  an  optimum 
engagement  ratio  for  the  transfer  clutch  43  is 
obtained  in  accordance  with  the  driving  conditions. 

20  When  the  vehicle  is  started  at  a  wide  open  throttle, 
or  accelerated  at  a  wide  open  throttle  after  decelera- 
ting  the  vehicle,  engine  speed  reduces  to  a  value 
lower  than  the  reference  low  engine  speed  set  at  the 
reference  low  engine  speed  providing  means  131  in 

25  which  discharging  rate  of  the  pump  is  small.  Thus, 
low  engine  speed  condition  is  determined  at  the 
determining  means  132.  When  the  mode  determin- 
ing  means  1  30  determines  that  the  vehicle  should  be 
driven  under  the  four-wheel  driving,  the  drain 

30  quantity  control  means  133  applies  a  signal  to  the 
duty  signal  providing  means  115  so  as  to  apply  the 
duty  ratio  signal  to  the  solenoid  93  at  100%  for  a 
predetermined  length  of  time.  Accordingly,  the  drain 
port  77e  of  the  solenoid  operated  valve  77  is  closed, 

35  thereby  preventing  the  drain  of  oil.  As  a  result,  only  a 
minimum  amount  of  oil  is  required  for  the  valve  77  to 
effectively  operate  the  transfer  clutch  43.  When  the 
mode  determining  means  130  determines  the  two- 
wheel  driving  mode,  the  duty  ratio  of  the  pulses 

40  becomes  0%  for  a  predetermined  period.  Accord- 
ingly,  the  drain  quantity  is  controlled  in  compliance 
with  the  selected  driving  mode. 

The  present  invention  may  be  modified  so  as  to 
employ  a  normally  closed  solenoid  operated  valve. 

45  From  the  foregoing,  it  will  be  understood  that  the 
present  invention  provides  a  control  system  for  a 
transfer  clutch  of  a  four-wheel  drive  vehicle  provided 
with  a  continuously  variable  transmission,  where  the 
transfer  clutch  is  applied  with  a  sufficient  hydraulic 

50  pressure  at  a  low  engine  speed  at  which  the 
displacement  of  the  pump  is  low. 

While  the  presently  preferred  embodiment  of  the 
present  invention  has  been  shown  and  described,  it 
is  to  be  understood  that  this  disclosure  is  for  the 

55  purpose  of  illustration  and  that  various  changes  and 
modifications  may  be  made  without  departing  from 
the  scope  of  the  invention  as  set  forth  in  the 
appended  claims. 

provided  in  the  control  unit  48.  A  reference  low 
engine  speed  is  fed  to  a  low  engine  speed  condition 
determining  means  132  to  which  the  engine  speed  is 
applied.  When  the  engine  speed  is  lower  than  the 
reference  engine  speed,  the  determining  means  132 
applies  a  signal  to  a  drain  quantity  control  means  133 
to  which  an  output  signal  of  a  mode  determining 
means  130  is  fed.  When  it  is  determined  that  the 
four-wheel  driving  mode  is  selected  by  the  determin- 
ing  means  130  in  dependence  on  an  output  signal  of 
the  duty  signal  providing  means  115,  the  drain 
quantity  control  means  133  applies  a  signal  to  the 
duty  signal  providing  means  115,  thereby  controlling 
the  amount  of  oil  drained  from  the  port  77e  of  the 
solenoid  operated  valve  77. 

The  operation  of  the  system  is  described  herein- 
after.  While  the  vehicle  is  at  a  stop,  the  driven  pulley 
servo  chamber  28b  is  supplied  with  the  line  pressure 
adjusted  by  the  pressure  regulator  valve  53  through 
the  passage  50,  and  the  drive  pulley  servo  chamber 
27b  is  drained,  since  the  spool  56  is  at  the  right  end 
position  by  the  spring  57.  Thus,  the  driving  belt  26 
engages  with  the  driven  pulley  25  at  a  maximum 
running  diameter  to  provide  the  largest  transmission 
ratio  (low  speed  stage). 

On  the  other  hand,  the  selector  lever  90  is  at  the  N 
range  position  to  select  the  N  range,  so  that  the 
inhibitor  switch  103  is  closed.  When  the  D  range  is 
selected,  the  input  shaft  12  and  the  main  shaft  17  are 
connected  to  each  other  in  the  selector  device  6  by 
the  synchronizer  22.  When  the  acceleration  pedal  98 
is  depressed,  the  electromagnetic  powder  clutch  1 
is  excited  by  a  clutch  current,  transmitting  the 
engine  power  to  the  drive  pulley  24.  The  power  of  the 
engine  is  transmitted  to  the  output  shaft  23  at  the 
largest  transmission  ratio  by  the  driving  belt  26  and 
driven  pulley  25,  and  further  transmitted  to  axles  of 
the  driving  wheels.  Thus,  the  vehicle  is  started. 

When  the  pitot  pressure  rises,  the  spool  56  is 
shifted  to  the  right,  so  that  the  line  pressure  is 
applied  to  the  servo  chamber  27b  to  move  the  disc 
24a  to  the  right.  Thus,  the  upshift  of  the  transmission 
starts. 

When  the  two-wheel  driving  mode  is  manually 
selected,  the  manual  switch  91  is  opened  so  that  the 
solenoid  93  of  the  solenoid  operated  valve  77  is  not 
energized.  Accordingly,  the  port  77c  of  the  solenoid 
operated  valve  77  is  closed  by  the  ball  77a,  thereby 
decreasing  the  control  pressure  Po  in  the  chamber 
85  of  the  transfer  control  valve  72  to  a  minimum 
value.  As  a  result,  the  spool  84  is  downwardly  shifted 
to  close  the  port  83a,  which  causes  the  clutch 
pressure  Pt  to  become  zero  to  disengage  the 
transfer  clutch  43.  Thus,  two-wheel  drive  trans- 
mission  system  is  established. 

When  the  four-wheel  driving  mode  is  selected,  the 
switch  91  is  closed  so  that  the  solenoid  93  is  applied 
with  pulses  having  duty  ratio  of  100%.  Thus,  the  port 
77c  is  opened  and  the  port  77e  is  closed  so  as  to 
upshift  the  spool  84,  thereby  opening  the  port  83a. 
Consequently,  the  clutch  pressure  Pt  is  increased 
so  that  the  transfer  clutch  43  is  completely  engaged 
to  establish  the  four-wheel  driving  mode. 

When  the  engine  speed  is  lower  than  the 
reference  speed,  if  the  accelerator  pedal  98  is 

60 
Claims 

1.  A  control  system  for  a  four-wheel  drive 
vehicle  having  an  engine,  a  hydraulically  oper- 
ated  transmission,  and  a  fluid  operated  transfer 65 
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the  control  unit  being  arranged  to  control  duty 
ratio  of  the  pulse  train  so  as  to  reduce  the 
amount  of  oil  drained  from  the  drain  port  during 
the  changing  of  the  amount  of  oil  supplied  to 
the  transfer  clutch  upon  engagement  and 
disengagement  of  the  clutch. 

2.  The  system  according  to  claim  1  ,  wherein 
the  valve  body  is  a  ball  urged  by  a  spring  to 
close  the  first  port. 

3.  The  system  according  to  claim  1,  wherein 
the  transmission  is  a  continuously  variable 
transmission. 

4.  The  system  according  to  claim  2,  wherein 
the  duty  ratio  is  set  to  100%  to  open  the  first 
port  to  close  the  drain  port  for  engaging  the 
transfer  clutch,  and  to  0%  to  close  the  first  port 
to  open  the  drain  port  for  disengaging  the 
transfer  clutch. 

clutch  for  transmitting  an  output  of  the  trans- 
mission  to  auxiliary  drive  wheels,  the  system 
comprising: 
a  hydraulic  circuit  having  a  pump  for  supplying 
oil  to  the  transfer  clutch  through  a  spool  type 
transfer  control  valve  ; 
a  solenoid  operated  control  valve  for  controlling 
oil  for  shifting  the  spool  of  the  transfer  control 
valve  for  changing  the  amount  of  oil  supplied  to 
the  transfer  clutch  to  selectively  engage  the 
clutch; 
the  solenoid  operated  control  valve  having  a 
first  port  communicating  with  the  pump,  a 
second  port  communicating  with  the  transfer 
control  valve  for  applying  oil  to  shift  the  spool,  a 
drain  port,  and  a  valve  body  for  selectively 
closing  the  first  port  and  the  drain  port;  and 
a  control  unit  for  applying  a  pulse  train  to  the 
solenoid; 
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