
J  
~ "   '  Nil  II  II  II  Nil  I  III  II  INI  Ml  Ml 
European  Patent  Office 

*  . .   ,  ©  Publication  number:  0  3 1 3   3 7 3   B 1  
Office  europeen  des  brevets 

©  E U R O P E A N   PATENT  S P E C I F I C A T I O N  

©  Date  of  publication  of  patent  specification:  18.05.94  ©  Int.  CI.5:  F1  6H  61/40,  F16H  4 5 / 0 0  

©  Application  number:  88309898.0 

@  Date  of  filing:  20.10.88 

©  Hydraulic  continuously  variable  speed  transmission  with  direct  clutch  valve. 

®  Priority:  20.10.87  JP  264841/87  c/o  K.K.  Honda  Gljutsu  Kenkyusho 
20.10.87  JP  264843/87  4-1  Chuo  1-chome 

Wako-shl  Saltama(JP) 
@  Date  of  publication  of  application:  Inventor:  Yamaguchl,  Koujl 

26.04.89  Bulletin  89/17  c/o  K.K.  Honda  Gljutsu  Kenkyusho 
4-1  Chuo  1-chome 

©  Publication  of  the  grant  of  the  patent:  Wako-shl  Saitama(JP) 
18.05.94  Bulletin  94/20  Inventor:  Ishlkawa,  Yoshlkazu 

c/o  K.K.  Honda  Gljutsu  Kenkyusho 
©  Designated  Contracting  States:  4-1  Chuo  1-chome 

DE  FR  GB  IT  Wako-shl  Saitama(JP) 
Inventor:  Sasajlma,  Kojl 

©  References  cited:  c/o  K.K.  Honda  Gljutsu  Kenkyusho 
EP-A-  0  240  178  4-1  Chuo  1-chome 
EP-A-  0  272  843  Wako-shl  Saltama(JP) 
DE-A-  3  540  218 
US-A-  3  740  951 

©  Representative:  Davles,  Christopher  Robert  et 
GB-A  2  157  812  a  I 

Frank  B.  Dehn  &  Co. 
EP-A  0  057  322  Imperial  House 

15-19  Klngsway 
©  Proprietor:  HONDA  GIKEN  KOGYO  KABUSHIKI  London  WC2B  6UZ  (GB) 

KAISHA 
1-1,  2-chome 
Mlnaml-Aoyama 
Mlnato-ku  Tokyo(JP) 

@  Inventor:  Koyama,  Hideo 

00 

00 

00 
00 

00 
Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person 
may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition 
shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee 
has  been  paid  (Art.  99(1)  European  patent  convention). 

Rank  Xerox  (UK)  Business  Services 
(3.  10/3.09/3.3.3) 



EP  0  313  373  B1 

Description 

The  present  invention  relates  to  a  hydraulic  continuously  variable  speed  transmission  comprising  a 
constant  displacement  hydraulic  pump  and  a  variable  displacement  hydraulic  motor,  and  more  particularly 

5  to  a  continuously  variable  speed  transmission  provided  with  a  direct  clutch  for  blocking  a  hydraulic  closed 
circuit,  through  which  the  pump  is  hydraulically  connected  to  the  motor,  to  render  them  in  a  direct 
connecting  state  when  a  speed  reduction  ratio  of  the  variable  speed  transmission  has  become  1  . 

Continuously  variable  speed  transmissions  have  conventionally  been  proposed  in  the  Japanese  Official 
Gazette  such  as  Japanese  Patent  Publication  No.32(1957)-7159,  Japanese  Patent  Publication  No.56(1981)- 

70  50142  and  the  like,  wherein  a  constant  displacement  hydraulic  pump  is  connected  to  an  input  shaft,  oil 
delivered  from  the  pump  is  fed  to  a  variable  displacement  hydraulic  pump  through  a  closed  circuit,  and  the 
hydraulic  pump  is  driven  to  drive  an  output  shaft  connected  thereto. 

It  is  known  to  provide  a  direct  clutch  which  is  capable  of  blocking  the  above  hydraulic  closed  circuit, 
whereby  the  direct  clutch  device  blocks  the  hydraulic  closed  circuit  to  integrally  rotate  the  pump  and  the 

75  motor  when  the  swash  plate  angle  for  variably  controlling  the  displacement  of  the  hydraulic  motor  is 
minimized  (the  speed  reduction  ratio  of  the  variable  speed  transmission  becomes  1  .) 

A  method  for  controlling  a  continuously  variable  speed  transmission  having  a  direct  clutch  device,  as 
disclosed  in  Japanese  Patent  laid-open  Publication  No.54(1979)-1  34252  and  Japanese  Patent  laid-open 
Publication  No.55(1980)-14312,  comprises  controlling  the  speed  reduction  ratio  in  such  a  way  that  the 

20  engine  speed  coincides  with  a  reference  engine  speed  corresponding  to  the  throttle  opening  to  obtain 
minimum  fuel  consumption  and  blocking  the  closed  circuit  by  the  direct  clutch  device  to  integrally  rotate  the 
pump  and  the  motor  when  the  speed  reduction  ratio  becomes  minimum  or  1  . 

In  controlling  the  direct  clutch,  as  described  above,  when  the  direct  clutch  blocks  or  opens  the  closed 
circuit  (when  it  is  switched  ON  or  OFF)  at  a  speed  reduction  ratio  of  1  ,  the  load  of  the  engine  is  changed 

25  because  of  change  of  the  hydraulic  thrust  forces  acting  on  the  motor  plungers  and  change  of  the  volumetric 
efficiency.  Therefore,  changes  of  the  thrust  force  and  the  efficiency  caused  by  ON/OFF  switching  of  the 
direct  clutch  may  produce  changes  of  engine  load  and  engine  speed  which  lead  to  jerky  traveling 
characteristics  of  the  vehicle  and  deteriorate  driving  feeling. 

Further,  if  the  circuit  is  blocked  by  the  direct  clutch  after  speed  reduction  ratio  has  become  "1  "  as 
30  disclosed  in  Japanese  laid-open  Patent  Publication  No.55(1980)-1290,  the  actuation  of  the  direct  clutch  may 

be  delayed  because  it  requires  a  certain  amount  of  time  to  block  the  circuit  completely  by  the  direct  clutch 
unit. 

Another  continuously  variable  speed  transmission  having  a  direct  clutch  device  is  disclosed  in  GB-A- 
2157812.  The  preamble  to  claim  1  is  based  on  this  document. 

35  It  is  an  object  of  the  present  invention  to  provide  a  continuously  variable  speed  transmission  having  a 
direct  clutch  unit  which  can  block  a  closed  hydraulic  circuit  quickly  so  as  not  to  cause  a  time-delay,  when 
speed  reduction  ratio  has  become  "1  ". 

It  is  another  object  of  the  invention  to  provide  a  direct  clutch  unit  which  blocks  the  closed  hydraulic 
circuit  smoothly  so  as  not  to  cause  jerky  travelling  characteristics  or  deteriorate  drive  feelings  when  the 

40  speed  reduction  ratio  has  become  "1  ". 
Viewed  from  one  aspect,  the  invention  provides  a  hydraulic  continuously  variable  speed  transmission 

with  a  direct  clutch  valve  comprising:  a  hydraulic  pump  connected  to  an  engine;  a  hydraulic  motor 
connected  to  an  output  shaft;  a  hydraulic  closed  circuit  for  hydraulically  connecting  said  hydraulic  pump 
and  said  hydraulic  motor;  a  direct  clutch  valve  actuable  in  said  closed  circuit  to  block  said  closed  circuit;  a 

45  speed  reduction  ratio  control  actuator  for  varying  displacements  of  at  leat  one  of  said  hydraulic  pump  and 
said  hydraulic  motor  to  control  the  speed  reduction  ratio;  a  direct  clutch  actuator  for  moving  said  direct 
clutch  valve  from  a  full-open  position  in  which  said  closed  circuit  is  opened  to  a  full-closed  position  in  which 
said  closed  circuit  is  fully  blocked;  ratio  detecting  means  which  detects  said  speed  reduction  ratio  to  find  if 
said  speed  reduction  ratio  becomes  substantially  "1  ";  and  valve  position  detecting  means  which  detects  the 

50  position  of  said  direct  clutch  valve;  and  characterised  in  that  said  valve  position  detecting  means  is 
arranged  to  find  if  said  direct  clutch  valve  is  moved  to  a  slight-open  position  in  which  said  closed  circuit  is 
slightly  opened;  whereby  said  direct  clutch  valve  is  moved  relatively  quickly  from  the  full-open  position  to 
the  slight-open  position  by  said  direct  clutch  actuator  when  it  is  found  by  said  ratio  detecting  means  that  the 
speed  reduction  ratio  has  become  substantially  "1  ",  and  then  said  direct  clutch  valve  is  moved  relatively 

55  slowly  from  the  slight-open  position  to  the  full-closed  position  by  said  direct  clutch  actuator  when  it  is  found 
by  said  valve  position  detecting  means  that  the  direct  clutch  valve  has  been  moved  to  the  slight-open 
position. 
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The  continuously  variable  speed  transmission  of  the  present  invention  comprises  a  direct  clutch  valve 
placed  in  the  closed  hydraulic  circuit,  a  direct  clutch  actuator  which  moves  the  direct  clutch  valve  from  a 
full-open  position  to  a  full-closed  position,  ratio  detecting  means  which  detects  the  speed  reduction  ratio, 
and  valve  position  detecting  means  which  detects  the  position  of  the  direct  clutch  valve.  In  the  transmission, 

5  when  speed  reduction  ratio  has  become  "1  ",  the  direct  clutch  valve  is  moved  quickly  from  the  full-open 
position  to  a  slight-open  position  by  the  direct  clutch  actuator  so  as  not  to  produce  time-delay  and  then  the 
direct  clutch  valve  is  moved  slowly  from  the  slight-open  position  to  the  full-closed  position  by  the  direct 
clutch  actuator  so  as  not  to  cause  jerky  travelling  characteristics  or  deteriorate  drive  feelings. 

From  EP-A  57  322  there  is  known  a  normal  main  clutch  to  control  engine  power  transmission  to  a 
io  transmission  which  includes  a  position  detecting  means  which  detects  the  position  of  said  clutch 

whereby  said  clutch  is  moved  relatively  quickly  from  a  full-open  position  to  the  slight-open  position  by  a 
clutch  actuator  and  then  said  clutch  is  moved  relatively  slowly  from  the  slight-open  position  to  the  full- 
closed  position  by  said  clutch  actuator  when  it  is  found  by  said  position  detecting  means  that  the  clutch  has 
been  moved  to  the  slight-open  position. 

75  The  term  "speed  reduction  ratio"  used  herein  and  in  the  claims  is  intended  to  represent  the  value  of  the 
input  speed  divided  by  the  output  speed  of  the  transmission. 

The  term  "accelerator  opening"  used  in  the  specification  means  an  accelerator  pedal  opening  operated 
dependent  upon  the  driver's  accelerating  or  decelerating  intention  or  an  engine  throttle  opening  responsive 
to  the  accelerator  pedal  movement.  The  accelerator  opening  is  fully  closed  when  the  accelerator  pedal  is 

20  completely  released  and  fully  opened  when  it  is  completely  depressed. 
The  present  invention  will  become  more  fully  understood  from  the  detailed  description  given  herein- 

below  and  the  accompanying  drawings  which  are  given  by  may  of  illustration  only,  and  thus  are  not 
limitative  of  the  present  invention  and  wherein: 

FIG.  1  is  a  hydraulic  circuit  diagram  of  a  continuously  variable  speed  transmission  having  a  direct  clutch 
25  device  of  the  present  invention; 

FIG.  2  is  cross-sectional  view  of  the  continuously  variable  speed  transmission; 
FIG.  3  are  crosssectional  view  of  first  and  second  servo  units  used  in  the  continuously  variable  speed 
transmission; 
FIG.  4  is  a  crosssectional  view  of  the  direct  clutch  device; 

30  FIG.  5  is  a  perspective  view  showing  a  link  mechanism; 
FIGS.  6A  to  6C  are  front  views  showing  the  actuation  of  a  cam  composing  the  link  mechanism; 
FIG.  7  is  a  graph  showing  the  traveling  characteristics  of  a  vehicle  with  the  continuously  variable  speed 
transmission; 
FIG.  8  is  a  graph  showing  a  relationship  between  the  moving  speed  of  the  direct  clutch  valve  and  the 

35  vehicle  speed. 
FIG.  9  is  a  flowchart  showing  the  ON-control  of  the  direct  clutch  valve; 
A  hydraulic  circuit  diagram  of  a  continuously  variable  speed  transmission  with  a  direct  clutch  unit  in 

accordance  with  the  present  invention  is  presented  in  Fig.  1  wherein  the  continuously  variable  speed 
transmission  T  has  a  constant  displacement  swash  plate  type  axial  plunger  hydraulic  pump  P  driven  by  an 

40  engine  E  through  an  input  shaft  1  and  a  variable  displacement  swash  plate  type  axial  plunger  hydraulic 
motor  M  which  drives  wheels  W  through  a  directional  change  unit  20.  The  pump  P  and  motor  M  are 
connected  with  each  other  by  means  of  two  hydraulic  lines  La  and  Lb  composing  a  closed  hydraulic  circuit 
wherein  the  first  line  La  connects  the  pump  inlet  port  to  the  motor  outlet  port  and  the  second  line  Lb 
connects  the  pump  outlet  port  to  the  motor  inlet  port.  The  internal  pressure  of  the  first  line  La  is  high  when 

45  the  engine  E  drives  the  wheels  W  through  the  pump  P  and  the  motor  M  (the  internal  pressure  of  the  second 
line  Lb  is  low  at  this  time.)  On  the  other  hand,  the  internal  pressure  of  the  second  line  Lb  is  high  when  the 
engine  E  is  driven  by  the  wheels  W  creating  engine  braking  phenomenon  (the  internal  pressure  of  the  first 
line  La  is  low  at  this  time.)  The  engine  braking  phenomenon  occurs  at  a  deceleration  state  of  the  vehicle  for 
example. 

50  Further  a  direct  clutch  valve  DC  which  can  block  the  first  line  La  is  placed  in  the  first  line  La. 
An  outlet  port  of  a  charge  pump  10  which  is  driven  by  the  engine  E  is  connected  to  the  closed 

hydraulic  circuit  through  a  charge  line  Lh  having  a  check  valve  1  1  and  a  third  line  Lc  having  a  pair  of  check 
valves  3,  3.  The  oil  pumped  up  from  an  oil  sump  15  by  the  charge  pump  10  and  regulated  in  pressure  by  a 
charge  pressure  relief  valve  12  is  fed  the  one  of  the  two  lines  La  and  Lb  which  has  lower  hydraulic  pressure 

55  in  it  by  means  of  the  check  valves  3,  3.  A  fourth  line  Ld  having  a  shuttle  valve  4  is  also  connected  to  the 
closed  hydraulic  circuit.  The  shuttle  valve  4  is  connected  to  the  oil  sump  15  through  a  fifth  and  a  sixth  line 
Le,  Lf  having  a  high  pressure  relief  valve  6  and  a  low  pressure  relief  valve  7  respectively.  The  shuttle  valve 
4  is  a  2-port  3-position  type  control  valve  and  is  functioned  by  the  difference  of  the  pressures  inside  the 
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first  an  the  second  lines  La  and  Lb.  Therefore,  the  one  of  the  two  lines  La  and  Lb  which  has  higher  pressure 
is  connected  to  the  fifth  line  Le  and  the  oil  pressure  in  it  is  regulated  by  the  high  pressure  relief  valve  6. 
The  one  of  the  two  lines  La  and  Lb  which  has  lower  pressure  is  connected  to  the  sixth  line  Lf  and  the  oil 
pressure  in  it  is  regulated  by  the  low  pressure  relief  valve  7. 

5  In  a  seventh  line  Lg  through  which  the  first  line  La  is  connected  to  the  second  line  Lb,  is  placed  a  main 
clutch  valve  CL  comprising  a  variable  throttle  valve  which  controls  the  opening  of  the  seventh  line  Lg. 

An  output  shaft  28  connected  to  the  wheels  W  is  placed  in  parallel  with  the  drive  shaft  2  of  the 
hydraulic  motor  M.  A  directional  change  gear  unit  20  is  placed  between  these  two  shaft  2,28.  This  gear  unit 
20  comprises  a  first  and  a  second  drive  gear  21,22  firmly  mounted  on  the  drive  shaft  2  leaving  an  axial 

io  space  therebetween,  a  first  driven  gear  23  rotatably  mounted  on  the  output  shaft  28  and  engaged  with  the 
first  drive  gear  21  ,  a  second  driven  gear  25  rotatably  mounted  on  the  output  shaft  28  and  engaged  with  an 
intermediate  gear  24  which  is  engaged  with  the  second  drive  gear  22,  a  clutch  hub  26  placed  between  the 
first  and  second  driven  gears  23,  25  and  firmly  mounted  on  the  output  shaft  28,  and  a  sleeve  27  slidably 
mounted  on  the  clutch  hub  25  which  can  be  selectively  engaged  with  the  clutch  gears  23a,  25a  formed  on 

is  the  sides  of  the  driven  gears  23,  25.  The  sleeve  27  can  be  moved  laterally  by  a  shift  fork  29.  In  the 
directional  change  gear  unit  20,  when  the  sleeve  27  is  slid  leftward  by  the  shift  fork  29,  the  clutch  gear  23a 
of  the  first  driven  gear  23  is  connected  to  the  clutch  hub  25  by  means  of  the  sleeve  27  (as  shown  in  Fig.  1). 
Hence  the  rotational  direction  of  the  output  shaft  28  is  opposite  to  that  of  the  drive  shaft  2  and  the  wheels  W 
are  driven  forward  by  the  continuously  variable  speed  transmission  T.  On  the  other  hand,  when  the  sleeve 

20  27  is  slid  rightward  by  the  shift  fork  29,  the  clutch  gear  25a  of  the  second  driven  gear  25  is  connected  to 
the  clutch  hub  25  by  means  of  the  sleeve  27.  Hence,  the  rotational  direction  of  the  output  shaft  28  is  the 
same  as  that  of  the  drive  shaft  2  and  the  wheels  W  are  driven  rearward. 

Actuators  which  control  the  variable  displacement  of  the  hydraulic  motor  M  to  adjust  the  speed 
reduction  ratio  of  the  transmission  are  a  first  and  a  second  servo  unit  30,  50  which  are  connected  by  a  link 

25  mechanism  40  with  each  other.  These  units  30,50  are  also  used  to  control  the  operation  of  the  direct  clutch 
valve  DC. 

The  operations  of  the  servo  units  30,  50  are  controlled  by  a  pair  of  solenoid  valves  151,  152  which  are 
actuated  by  duty  cycle  signals  from  a  controller  100.  Signals  corresponding  to  vehicle  speed  V  (sent 
through  a  line  100a),  engine  speed  Ne  (sent  through  a  line  100b),  engine  throttle  opening  degree  0th  (sent 

30  through  a  line  100c),  swash  plate  angle  0tr  of  the  hydraulic  motor  M,  manual  shift  lever  position  Psl,  brake 
actuation  BR  (sent  through  a  line  100d)  and  opening  degree  eel  of  the  direct  clutch  valve  DC  are  inputted 
into  the  controller  100.  Based  on  these  input  signals,  the  controller  100  outputs  duty  cycle  signals  to  the 
above  soienoid  valves  to  effect  desirable  traveling  controls. 

A  sectional  view  of  the  continuously  variable  speed  transmission  T  is  presented  in  Fig.  2  wherein  the 
35  transmission  T  includes  the  hydraulic  pump  P  and  the  hydraulic  motor  M  which  are  coaxially  placed  in  a 

space  surrounded  by  cases  5a,  5b  and  a  cover  5c. 
The  hydraulic  pump  P  comprises  a  pump  cylinder  60  spline-jointed  with  the  input  shaft  1,  a  plurality  of 

cylinder  holes  61  being  formed  in  the  pump  cylinder  60  equally  spaced  along  the  circumferential  plane,  and 
a  plurality  of  pump  plungers  62  inserted  into  the  cylinder  holes  61.  The  pump  P  is  driven  by  the  engine  E 

40  through  a  flywheel  Fw  to  which  the  input  shaft  1  is  connected. 
The  hydraulic  motor  M  comprises  a  motor  cylinder  70  which  encircles  the  pump  cylinder  60,  a  plurality 

of  cylinder  holes  71  being  formed  in  the  motor  cylinder  70  equally  spaced  along  the  circumferential  plane 
which  coaxially  encircles  the  pump  cylinder  60,  and  a  plurality  of  motor  plungers  72  inserted  in  the  cylinder 
holes  71  .  The  hydraulic  motor  M  can  be  relatively  rotated  on  the  axis  of  the  pump  cylinder. 

45  The  motor  cylinder  70  has  a  pair  of  support  shafts  78a  78b  at  both  ends.  These  support  shafts  78a,  78b 
are  rotatably  sustained  by  the  case  5a,  5b  with  a  needle  bearing  29a  and  a  ball  bearing  79b.  The  support 
shaft  78a  forms  the  output  shaft  2.  The  first  and  the  second  drive  gears  21  ,  22  of  the  directional  change 
gear  unit  20  are  mounted  on  the  support  shaft  78a  (the  output  shaft  2)  by  means  of  a  spline-joint. 

On  the  left  inside  surface  of  the  motor  cylinder  70  is  firmly  mounted  a  pump  swash  plate  63  being 
50  inclined  at  a  predetermined  angle.  An  annular  pump  shoe  64  is  slidably  mounted  on  the  pump  swash  plate 

63.  The  pump  plungers  62  are  swingably  connected  to  the  pump  shoe  64  by  means  of  connecting  rods  65 
which  have  ball  joints  at  both  ends. 

The  annular  pump  shoe  64  is  rotatably  supported  by  the  motor  cylinder  70  with  a  needle  bearing  66 
placed  along  the  periphery  of  the  pump  shoe  64.  The  pump  shoe  64  is  pushed  against  the  pump  swash 

55  plate  63  by  a  spring  67c  through  a  retaining  ring  67a  and  a  spring  support  67b  which  have  spherical  contact 
surfaces.  Accordingly  the  pump  shoe  64  can  be  rotated  on  the  pump  swash  plate  63. 

Two  bevel  gears  68a,  68b  having  the  same  number  of  teeth  and  engaging  with  each  other  are  fixed  on 
the  pump  cylinder  60  and  the  pump  shoe  64  respectively.  When  the  pump  cylinder  60  is  driven  by  the 

4 
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engine  E  through  the  input  shaft  1  ,  the  pump  shoe  64  is  also  driven  by  means  of  the  two  bevel  gears  68a, 
68b.  While  the  pump  cylinder  and  the  pump  shoe  are  rotated,  the  pump  plungers  62  which  run  on  the 
ascending  side  of  the  inclined  pump  swash  plate  63  are  contracted  (intake  condition)  and  the  pump 
plungers  62  which  run  on  the  descending  side  of  the  pump  swash  plate  63  are  expanded  (exhaust 

5  condition). 
A  motor  trunnion  plate  73  which  is  opposite  the  motor  plungers  72  is  placed  inside  the  cases  5a,  5b 

and  supported  swingably  by  the  cases  5a,5b  around  the  trunnion  axis  73a  which  is  perpendicular  to  the 
surface  of  the  drawing  (Fig.  2).  Motor  shoes  74  are  slidably  placed  on  the  swash  plate  73b  of  the  trunnion 
plate  73  and  swingably  connected  to  the  ball  joint  portions  72a  formed  at  the  ends  of  the  motor  plungers 

70  72. 
According  to  reciprocating  motions  of  the  motor  plungers  72,  the  motor  cylinder  70  is  rotated.  When  the 

tilt  angle  of  the  motor  trunnion  plate  73  is  varied  as  mentioned  later,  strokes  of  the  motor  plungers  72  are 
varied  from  0  to  maximum.  The  strokes  are  0  when  the  motor  trunnion  plate  73  is  perpendicular  to  the  axes 
of  the  motor  plungers  72  and  are  maximum  when  the  tilt  angle  is  maximum  as  shown  in  Fig.  2. 

75  The  motor  cylinder  70  consists  of  a  first,  a  second,  a  third  and  a  fourth  section  70a,  70b,  70c,  70d.  The 
support  shaft  78a  is  formed  on  the  first  section  70a  and  the  pump  swash  plate  63  is  placed  inside  the  first 
section  70a.  The  cylinder  holes  71  in  which  the  motor  plungers  72  are  inserted  are  formed  in  the  second 
section  70b.  A  distribution  plate  80  having  hydraulic  lines  which  communicate  with  the  cylinder  holes  61  ,  71 
is  formed  in  the  third  section  70c.  The  support  shaft  78b  is  formed  in  the  fourth  section  70d.  These  sections 

20  70a,  70b,  70c,  70d  are  located  by  pins  and  sockets  and  joined  together  by  bolts  77a,  77b. 
The  pump  cylinder  60  is  pushed  against  the  third  section  70c  (the  distribution  plate  80)  by  the  biasing 

force  of  the  spring  67c  to  prevent  oil  leakage  from  the  contact  surfaces. 
In  the  fourth  section  70d  having  the  support  shaft  78b  is  formed  a  hollow  space  where  a  fixed  shaft  91 

is  inserted,  a  distribution  ring  92  which  is  in  contact  with  the  distribution  plate  80  eccentrically  is  mounted  at 
25  the  left  end  of  the  fixed  shaft  91.  The  hollow  space  in  the  fourth  section  70d  is  divided  into  two  rooms 

defining  an  inner  room  and  an  outer  room,  the  inner  room  being  a  part  of  the  first  line  La  and  the  outer 
room  being  a  part  of  the  second  line  Lb. 

A  pump  exhaust  port  81a  and  a  pump  intake  port  82a  are  formed  in  the  distribution  plate  80.  The 
cylinder  holes  61  of  the  pump  plungers  62  which  are  at  the  exhaust  condition  communicate  with  the  first 

30  line  La  through  the  exhaust  port  81a  and  the  exhaust  line  81b  connected  thereto.  Also,  the  cylinder  holes  of 
the  pump  plungers  62  which  are  at  the  intake  condition  communicate  with  the  second  line  Lb  through  the 
intake  port  82a  and  the  intake  line  82b  connected  thereto.  Further,  a  first  line  (not  shown)  and  a  second  line 
83  are  formed  in  the  distribution  plate  80.  The  cylinder  holes  71  of  the  motor  plungers  72  which  are  at  the 
expansion  condition  communicate  with  the  first  line  La  through  the  first  line.  The  cylinder  holes  71  of  the 

35  motor  plungers  72  which  are  at  the  contraction  condition  communicate  with  the  second  line  Lb  through  the 
second  line  83. 

Accordingly,  the  hydraulic  pump  P  and  the  hydraulic  motor  M  are  connected  with  each  other  by  the 
closed  hydraulic  circuit  which  is  formed  in  the  distribution  plate  80  with  the  use  of  the  distribution  ring  92. 
When  the  pump  cylinder  is  driven  by  the  engine  E  through  the  input  shaft  1  ,  the  pressurized  oil  exhausted 

40  by  the  pump  plungers  62  is  fed  to  the  cylinder  holes  71  of  the  motor  plungers  72  which  are  at  the 
expansion  condition  through  the  exhaust  part  81a,  the  exhaust  line  81b,  the  first  line  La  and  the  first  line 
(not  shown).  Besides,  the  oil  exhausted  by  the  motor  plungers  which  are  at  the  contraction  condition  is  fed 
to  the  cylinder  holes  61  of  the  pump  plungers  62  which  are  at  the  intake  condition  through  the  second  line 
83,  the  second  line  Lb,  the  intake  line  82b  and  the  intake  port  82a.  The  reaction  torque  applied  on  the  motor 

45  cylinder  70  by  the  pump  plunger  62  which  are  at  the  exhaust  condition  and  the  reaction  torque  applied  on 
the  motor  plungers  72  which  are  at  the  expansion  condition  drive  the  motor  cylinder  70. 

Speed  reduction  ratio  can  be  calculated  according  to  the  following  equations; 

S.R.  R a t i o   =  ( speed   of  pump  c y l i n d e r   6 0 ) / ( s p e e d   of  m o t o r  
50 

c y l i n d e r   70 )  

■  1+  ( d i s p l a c e m e n t   of  motor  M ) / ( d i s p l a c e m e n t   o f  

pump  P) 
00 

Thus,  if  the  displacement  of  the  hydraulic  motor  M  is  varied,  speed  reduction  ratio  (S.R.Ratio)  can  be 
varied  from  1  (minimum)  to  maximum. 
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Displacement  of  the  hydraulic  motor  M  is  determined  in  accordance  with  the  stroke  of  motor  plungers 
72.  Therefore,  speed  reduction  ratio  can  be  varied  steplessly  by  controlling  tilt  angle  of  the  trunnion  plate 
73. 

Tilt  angle  of  the  trunnion  plate  73  is  controlled  by  the  first  and  second  servo  units  30,  50.  The  first  servo 
5  unit  30  is  placed  on  the  upper  portion  of  the  case  5b.  The  second  servo  unit  50  is  connected  to  the  second 

servo  unit  50  through  the  link  mechanism  40.  These  units  30,  50  are  shown  in  Fig.  3  and  the  constructions 
and  operations  thereof  are  described  hereinafter. 

The  first  servo  unit  30  comprises  a  housing  31  having  a  connection  port  31a  connected  to  the  high 
pressure  line  120,  a  piston  member  32  slidably  inserted  into  the  housing  31,  and  a  spool  member  34 

io  slidably  and  coaxially  inserted  into  the  piston  member  32.  High  pressurized  oil  in  the  closed  hydraulic 
circuit  of  the  transmission  T  is  fed  to  the  high  pressure  line  120  through  the  shuttle  valve  4  and  the  fifth  line 
Le.  The  piston  member  32  consists  of  a  piston  portion  32a  formed  at  its  right  end  and  a  rod  portion  32b 
coaxially  extending  leftward  therefrom.  The  piston  portion  32a  is  inserted  into  a  cylinder  hole  31c  of  the 
housing  31  and  divides  the  space  inside  the  cylinder  hole  31c  into  two  rooms  defining  two  cylinder  rooms 

is  35,  36.  The  rod  portion  32b  having  a  smaller  diameter  than  the  cylinder  hole  31c  is  inserted  into  a  rod  hole 
31  d  which  is  concentric  with  the  cylinder  hole  31c.  The  right  cylinder  room  36  is  covered  by  a  plug 
member  33a  and  a  cover  33b  through  which  the  right  end  of  the  spool  member  34  protrudes. 

The  high  pressure  line  120  connected  to  the  port  31a  communicates  with  the  left  cylinder  room  35 
through  a  hydraulic  line  31b.  The  piston  member  32  is  pushed  rightward  by  the  hydraulic  pressure  fed  in 

20  the  left  cylinder  room  35  through  the  high  pressure  line  120. 
A  land  portion  34a  which  is  inserted  in  a  spool  hole  32d  is  formed  at  the  left  end  of  the  spool  member 

34.  A  pair  of  dents  34b  with  fixed  axial  widths  is  formed  at  the  right  side  of  the  land  portion  34a.  A  stop  ring 
37  mounted  on  the  spool  member  34  hits  against  a  stop  ring  38  mounted  on  the  inside  surface  of  the  piston 
member  32  before  the  spool  member  34  comes  out. 

25  A  drain  passage  32e  which  can  connect  the  right  cylinder  room  35  to  the  oil  sump  (not  shown)  through 
the  spool  hole  32d  responding  to  the  rightward  motion  of  the  spool  member  34  and  a  connection  passage 
32c  which  can  connect  the  left  cylinder  room  35  to  the  right  cylinder  room  36  through  the  dents  34b 
responding  to  the  leftward  motion  of  the  spool  member  34  are  formed  in  the  piston  member  32. 

When  the  spool  member  34  is  moved  rightward,  the  land  portion  34a  blocks  the  connection  passage 
30  32c  and  opens  the  drain  passage  32e.  Accordingly  the  hydraulic  pressure  fed  through  the  high  pressure 

line  120  is  led  in  the  left  cylinder  room  35  and  pushes  the  piston  member  32  rightward  so  that  the  piston 
member  32  follows  the  spool  member  34.  When  the  spool  member  34  is  moved  leftward,  the  connection 
passage  32c  communicates  with  the  right  cylinder  room  36  through  the  dents  34b  and  the  drain  passage 
32e  is  blocked  by  the  land  portion  34a.  Accordingly  the  high  hydraulic  pressure  is  fed  to  both  the  left  and 

35  right  cylinder  rooms  35,  36.  The  piston  member  32  is  pushed  leftward  because  of  the  difference  in  areas 
where  pressure  is  applied  and  therefore  the  piston  member  32  is  moved  so  as  to  follow  the  spool  member 
34. 

When  the  spool  member  34  is  held  still,  the  piston  member  32  is  also  held  still  creating  a  hydraulic 
floating  state  because  of  pressure  balance  between  the  left  and  right  cylinder  rooms  35,  36. 

40  As  aforesaid,  when  the  spool  member  34  is  moved  leftward  or  rightward,  the  piston  member  32  is 
moved  laterally  so  as  to  follow  the  spool  member  34  with  the  help  of  the  high  hydraulic  pressure  fed 
through  the  high  pressure  line  120.  Accordingly  the  variable  displacement  of  the  motor  M  is  controlled  by 
the  motion  of  the  spool  member  34  since  the  piston  member  32  is  connected  to  the  swash  plate  73  of  the 
motor  M  by  means  of  a  link  member  39. 

45  The  spool  member  34  is  linked  to  the  second  servo  unit  50  by  means  of  a  link  mechanism  40.  The  link 
mechanism  40  includes  a  first  link  member  42  being  swingable  around  an  axis  42c  and  having  two  arms 
42a  and  42b  perpendicular  to  each  other,  and  a  second  link  member  48  pivotally  connected  to  the  arm  42b. 
The  upper  end  of  the  arm  42a  is  pivotally  connected  to  the  right  end  of  the  spool  member  34.  The  bottom 
end  of  the  second  link  member  48  is  pivotally  connected  to  a  spool  member  54  of  the  second  servo  unit 

50  50.  Therefore  when  the  spool  member  54  of  the  second  servo  unit  50  is  moved  up  or  down,  the  spool 
member  34  of  the  first  servo  unit  30  is  moved  rightward  or  leftward. 

The  second  servo  unit  50  comprises  a  housing  51  having  ports  51a,  51b  to  which  hydraulic  lines  102, 
104  are  connected  respectively,  and  the  spool  member  54  vertically  slidably  fitted  in  the  housing  51.  The 
spool  member  54  consists  of  a  piston  portion  54a  and  an  end  spool  portion  54b  coaxially  extending 

55  downward  therefrom.  The  piston  portion  54a  is  inserted  into  a  cylinder  hole  51c  of  the  housing  51  and 
divides  the  room  inside  the  cylinder  hole  51c  covered  by  a  cover  55  into  two  rooms  defining  an  upper  and 
a  lower  cylinder  room  52,  53.  The  end  spool  portion  54b  is  fitted  into  a  rod  hole  51  d  which  is  concentric 
with  the  cylinder  hole  51c  and  extends  downward. 
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A  spool  58a  of  a  slight-open  position  detecting  switch  58  is  projected  into  a  recess  54e  formed  on  the 
end  spool  portion  54b.  The  spool  58a  is  engaged  by  the  tapered  surface  of  the  recess  54e  when  the  spool 
member  54  is  moved  to  the  vicinity  of  upper  limit  (when  the  direct  clutch  valve  is  positioned  at  the  slight- 
open  position  after  the  plate  angle  of  the  motor  M  has  become  minimum).  Therefore  it  can  be  found  by  the 

5  slight-open  position  detecting  switch  58a  if  the  direct  clutch  valve  DC  is  moved  to  the  slight-open  position, 
since  the  pushed-up  spool  58a  turns  the  switch  58  on. 

Further,  the  hydraulic  lines  102,  104  communicate  with  the  upper  and  lower  cylinder  rooms  52,  53 
through  the  ports  51a,  51b.  The  spool  member  54  is  moved  up  or  down  by  the  difference  in  hydraulic 
forces  applied  to  the  piston  portion  54a  which  are  determined  based  on  the  differences  of  hydraulic 

io  pressures  and  of  areas  where  the  hydraulic  pressures  in  the  cylinder  rooms  52,  53  are  applied.  The  up  and 
down  motions  of  the  spool  member  54  are  transmitted  to  the  spool  member  34  of  the  first  servo  unit  30  by 
the  link  mechanism  40  causing  left  and  right  motions  of  the  spool  member  34.  In  other  words,  the  control  of 
the  hydraulic  pressures  supplied  through  the  hydraulic  lines  102,  104  enables  control  of  the  motion  of  the 
spool  member  34  and  the  piston  member  32  in  the  first  servo  unit  30  and  also  enables  control  of  the  swash 

is  plate  angle  of  the  hydraulic  motor  M  and  the  displacement  thereof.  In  fact,  when  the  spool  member  54  of 
the  second  servo  unit  50  is  moved  up,  the  piston  member  32  of  the  first  servo  unit  30  is  moved  rightward 
lessening  the  swash  plate  angle,  the  displacement  of  the  hydraulic  motor  M  and  the  speed  reduction  ratio. 

As  shown  in  Fig.  1,  hydraulic  oil  whose  pressure  is  regulated  by  the  charge  pressure  relief  valve  12  is 
led  to  the  hydraulic  line  102  through  a  hydraulic  line  101.  Hydraulic  oil  in  the  hydraulic  line  102  is  led  to  the 

20  hydraulic  line  104  through  a  hydraulic  line  103  having  an  orifice  103a,  and  the  hydraulic  pressure  in  the 
hydraulic  line  104  is  controlled  by  the  two  solenoid  valves  151,  152  which  are  operated  based  on  duty  cycle 
signals  from  the  controller  100.  Accordingly  it  is  said  that  the  signals  from  the  controller  100  control  the 
operations  of  the  first  and  second  servo  units  30,  50  and  consequently  adjust  the  displacement  of  the 
hydraulic  motor  M. 

25  Referring  now  to  the  main  clutch  CL  and  the  direct  clutch  DC  shown  in  Fig.  4,  the  main  clutch  CL  and 
the  direct  clutch  DC  are  disposed  inside  the  fixed  shaft  91  which  is  inserted  in  the  hollow  space  formed  in 
the  fourth  section  70d  of  the  motor  cylinder  70. 

A  cylindrical  bearing  member  93  is  mounted  on  the  outside  surface  of  the  fixed  shaft  91  .  The  motor 
cylinder  70  is  rotatably  supported  by  the  fixed  shaft  91  with  the  bearing  member  93. 

30  Short  circuit  ports  91a,91b  through  which  the  first  line  La  can  communicate  with  the  second  line  Lb  are 
bored  through  the  circumferential  wall  of  the  fixed  shaft  91  .  In  the  inner  cylindrical  space  of  the  fixed  shaft 
91  is  inserted  a  main  clutch  valve  body  95  by  which  the  short  circuit  ports  91a,  91b  are  opened  or  closed. 

The  main  clutch  valve  body  95  is  rotatably  supported  by  the  fixed  shaft  91  with  a  radial  needle  bearing 
96a  and  a  thrust  needle  bearing  96b.  Short  circuit  holes  95a,95b  which  can  be  mated  with  the  short  circuit 

35  ports  91a,  91b  are  bored  through  the  valve  body  95.  A  rotator  arm  97  is  integrally  connected  to  the  right 
end  of  the  valve  body  95.  In  accordance  with  the  rotation  of  the  main  clutch  valve  body  95  by  the  rotator 
arm  97,  the  short  circuit  holes  95a,  95b  can  be  mated  with  the  ports  91a,  91b.  Accordingly,  when  the  short 
circuit  holes  95a,  95b  are  mated  thoroughly  with  the  ports  91a,  91b,  the  main  clutch  CL  becomes  OFF 
(disconnected)  state.  When  the  short  circuit  holes  95a,  95b  are  partially  mated  with  the  ports  91a,  91b,  the 

40  main  clutch  CL  becomes  semi-ON  (partially  connected)  state.  When  the  short  circuit  holes  95a,95b  are 
displaced  from  the  short  circuit  ports  91a,  91b,  the  main  clutch  CL  becomes  ON  (connected)  state.  When 
the  main  clutch  is  in  OFF  state,  the  oil  fed  in  the  first  line  La  from  the  outlet  port  81a  of  the  pump  is  sent 
directly  in  the  inlet  port  82a  of  the  pump  through  the  short  circuit  ports  91a,  91b  and  the  second  line  Lb. 
Therefore  the  motor  M  is  inoperative  in  spite  of  the  operation  of  the  pump  P.  When  the  main  clutch  CL  is  in 

45  ON  state,  the  oil  is  circulated  in  the  closed  hydraulic  circuit  and  the  power  is  transmitted  from  the  pump  P 
to  the  motor  M.  A  means  to  rotate  the  rotator  arm  97  for  the  ON-OFF  actions  of  the  main  clutch  CL  is  not 
described  here  since  it  is  well-known. 

The  direct  clutch  DC  is  disposed  inside  the  main  clutch  valve  body  95.  A  piston  shaft  85  is  slidably 
inserted  in  the  cylindrical  hole  of  the  valve  body  95.  A  valve  rod  86a  is  screwed  in  the  end  of  the  piston 

50  shaft  85.  A  valve  shoe  86b  is  swingably  connected  to  the  end  of  the  valve  rod  86a  by  means  of  a  spherical 
joint. 

When  the  piston  shaft  85  is  moved  leftward,  the  left  end  of  the  valve  shoe  86b  comes  in  contact  with 
the  distribution  plate  80  and  closes  the  outlet  port  81b  of  the  pump  P.  While  the  exhaust  port  81b  is  closed, 
the  pump  plungers  62  are  hydraulically  locked  and  the  pump  P  is  directly  coupled  with  the  motor  M. 

55  Accordingly  the  motor  cylinder  70  is  mechanically  driven  by  the  pump  cylinder  60  through  the  pump 
plungers  62  and  the  pump  swash  plate  63.  The  direct  coupling  of  the  pump  P  and  the  motor  M  is  executed 
at  the  upright  (top)  position  of  the  motor  trunnion  plate  73,  wherein  the  speed  reduction  ratio  is  minimum. 
When  the  pump  P  and  the  motor  M  are  directly  coupled,  the  thrust  force  applied  on  the  motor  trunnion 
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plate  73  by  the  motor  plungers  72  and  the  friction  between  the  swash  plate  73b  and  the  motor  shoes  74  are 
decreased  and  consequently  loads  applied  on  the  members  such  as  bearings  are  lessened. 

A  hydraulic  room  87a  is  formed  between  the  right  portion  of  the  piston  shaft  85  and  the  inner  member 
96c  of  the  thrust  needle  bearing  96b  which  supports  the  valve  body  95.  The  hydraulic  room  87a  normally 

5  communicates  with  the  first  line  La  through  a  line  89a  and  a  line  89b,  the  line  89a  being  drilled  in  parallel 
with  the  axis  of  the  piston  shaft  85  and  the  line  89b  being  drilled  through  along  the  axis  of  the  valve  rod  86a 
so  as  to  connect  the  line  89a  to  the  first  line  La.  During  operation,  the  high  pressurized  oil  in  the  closed 
hydraulic  circuit  is  always  fed  to  the  hydraulic  room  87a. 

The  piston  shaft  85  has  a  piston  portion  85a  in  the  middle  thereof.  A  circular  hydraulic  room  87b  is 
io  formed  on  the  left  side  of  the  piston  shaft  85  between  the  inner  surface  of  the  main  clutch  valve  body  95 

and  the  outer  surface  of  the  piston  shaft  85.  A  center  hole  88  extending  along  the  central  axis  is  formed  on 
the  right  end  of  the  piston  shaft  85  and  an  escape  groove  88a  is  formed  on  the  bottom  of  the  center  hole 
88.  The  center  hole  88  can  communicate  with  the  circular  hydraulic  room  87b  through  a  communicating 
hole  89c.  The  line  89a  communicates  with  the  center  hole  88  through  a  communicating  hole  89d. 

is  A  rod-shaped  pilot  valve  84  is  inserted  in  the  center  hole  88.  A  land  portion  84a  which  is  fitted  in  the 
center  hole  88  is  formed  on  the  end  of  the  pilot  valve  84.  A  groove  portion  84a  adjacent  to  the  land  portion 
84a  is  also  formed  on  the  pilot  valve  84.  By  a  communicating  hole  formed  in  the  pilot  valve  84,  the  center 
hole  88  communicate  with  the  atmosphere.  The  pilot  valve  84  is  laterally  moved  by  a  link  arm  46  connected 
thereto,  the  action  of  the  link  arm  46  is  described  later. 

20  In  the  above  construction  of  the  direct  clutch  DC,  the  following  areas, 
the  pressure  applied  area  of  the  shoe  86b:  A 
the  sectional  area  of  the  piston  portion  85a;  B 
the  pressure  applied  area  of  the  left  part  of  the  piston  shaft  85:  C 
the  sectional  area  of  the  right  part  of  the  piston  shaft  85:  D 

25  are  decided  so  as  to  satisfy  the  following  inequalities. 

A  >  (B  -  D) 
(B  -  D)  >  C 

30  When  the  pilot  valve  84  is  moved  leftward,  the  communicating  hole  89d  is  closed  by  the  outer  surface 
of  the  pilot  valve  84.  Accordingly  the  high  pressurized  oil  fed  from  the  exhaust  port  81a  is  directed  to  the 
hydraulic  room  87a  through  the  lines  89a,  89b  and  its  hydraulic  pressure  is  applied  on  the  right  side  surface 
of  the  piston  portion  85a.  This  hydraulic  pressure  is  also  applied  on  the  left  part  of  the  piston  shaft  85. 
Since  the  pressure  applied  area  of  the  right  side  surface  of  the  piston  portion  85a  is  (B  -  D)  and  the 

35  pressure  applied  area  of  the  left  part  of  the  piston  shaft  85  is  C,  the  piston  shaft  85  is  moved  leftward  in 
accordance  with  the  inequality  (B  -D)  >  C.  When  the  piston  shaft  85  is  moved  leftward,  the  shoe  86b  comes 
in  contact  with  the  distribution  plate  80  and  closes  the  exhaust  line  81  b  causing  a  direct  connecting  state  of 
the  pump  P  and  the  motor  M. 

At  this  direct  connecting  state,  the  high  pressurized  oil  (whose  pressure  is  the  same  as  that  in  the 
40  hydraulic  room  87a)  from  the  exhausting  port  81a  is  applied  on  the  end  surface  of  the  shoe  86b  having  a 

pressure  applied  area  of  A.  The  high  pressurized  oil  in  the  hydraulic  room  87a  is  applied  on  the  left  surface 
of  the  piston  portion  85a  having  a  pressure  applied  area  of  (B  -  D).  Accordingly,  the  shoe  86b  is  pushed 
rightward  in  accordance  with  the  inequality  A  >  (B  -  D).  However,  if  the  shoe  86  is  moved  rightward  even 
slightly,  the  shoe  is  moved  back  immediately.  Because  the  hydraulic  force  applied  on  the  end  surface  of 

45  the  shoe  86b  is  released  as  soon  as  the  shoe  86b  is  moved  rightward. 
Therefore,  the  shoe  86b  is  kept  in  a  so-called  hydraulic  floating  state,  and  the  leakage  through  a 

clearance  between  the  shoe  86a  and  the  exhaust  line  81b  is  minimized. 
Next  when  the  pilot  valve  84  is  moved  rightward,  the  groove  portion  84b  of  the  pilot  valve  84 

communicates  with  the  communicating  hole  89d.  Therefore  the  high  pressurized  oil  is  applied  not  only  on 
50  the  right  side  surface  of  the  piston  portion  85a  and  the  left  part  of  the  piston  shaft  85  but  on  the  left  side 

surface  of  the  piston  portion  85a  since  the  oil  is  fed  to  the  room  87b  through  the  hole  89d,  the  groove 
portion  84b  and  the  line  89c.  Since  the  pressure  applied  area  for  providing  leftward  force  to  the  piston  shaft 
85  is  (B  -  D)  and  that  for  providing  rightward  force  to  it  is  B,  the  piston  shaft  is  moved  rightward  in 
accordance  with  an  inequality  B  >  (B  -  D).  Consequently,  the  direct  connection  of  the  pump  P  and  the 

55  motor  M  is  canceled.  Thus,  the  ON-OFF  actions  of  the  direct  clutch  DC  are  controlled  by  the  lateral 
movement  of  the  piston  shaft  85  which  follows  the  pilot  valve  84. 

The  lateral  movement  of  the  pilot  valve  84  is  controlled  by  the  second  servo  unit  50  which  is  connected 
to  the  pilot  valve  84  through  the  link  mechanism  40.  The  construction  and  the  action  of  the  link  mechanism 
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40  are  described  hereinafter. 
As  illustrated  in  Fig.  5,  the  link  mechanism  40  includes  a  first  shaft  42c  having  two  arms  42a,  42b  and  a 

second  shaft  45  placed  under  and  in  parallel  with  the  first  shaft  42c,  both  shafts  42c,  45  being  rotatably 
supported  by  the  bearings  49a,  49b  and  49c.  The  first  and  the  second  servo  units  30,  50  are  linked  by 

5  means  of  the  link  arms  42a,  42b,  the  arm  42a  being  connected  to  the  spool  member  34  of  the  first  servo 
unit  30  and  the  arm  42b  being  connected  to  the  spool  member  54  of  the  second  servo  unit  50  through  the 
second  link  member  48. 

The  link  arm  46  which  is  connected  to  the  pilot  valve  84  of  the  direct  clutch  DC  is  firmly  mounted  on 
the  second  shaft  45.  When  the  link  arm  46  is  swung  corresponding  to  the  rotation  of  the  second  shaft  45,  it 

io  moves  the  pilot  valve  84  laterally.  Consequently  the  ON-OFF  action  of  the  direct  clutch  DC  is  controlled  by 
the  pilot  valve  84.  The  link  arm  46  is  always  being  pushed  by  a  torsion  coil  spring  46a  mounted  on  the 
second  shaft  45  so  as  to  pull  the  pilot  valve  84  out. 

Drive  and  driven  cams  43,  44  which  are  in  contact  with  each  other  are  fixed  on  the  first  and  the  second 
shafts  42c  45  respectively.  By  the  actions  of  these  cams  43,  44,  the  second  shaft  45  is  rotated  as  the  first 

is  shaft  is  rotated. 
The  actions  of  the  cams  43,  44  are  described  here  referring  Fig.  6A  -  6C.  As  shown  in  these  drawings, 

the  drive  cam  43  comprises  a  semicircular  portion  43a  which  is  concentric  with  the  first  shaft  42c,  a  convex 
portion  43b  which  projects  out  of  the  periphery  of  the  semicircular  portion  43a  and  a  concave  portion  43c 
which  is  indented  below  the  periphery  of  the  semicircular  portion  43a.  The  driven  cam  44  comprises  a 

20  concaved  arc  portion  44a  having  almost  the  same  curvature  as  that  of  the  semicircular  portion  43a  and  a 
linear  portion  44b  extending  along  the  tangential  line  of  the  arc  portion  44a. 

When  the  spool  member  54  of  the  second  servo  unit  50  is  at  a  bottom  position  and  the  inclination  angle 
of  the  trunnion  plate  73  of  the  motor  M  is  maximum  (the  speed  reduction  ratio  is  also  maximum),  the 
semicircular  portion  43a  of  the  drive  cam  43  is  in  contact  with  the  concaved  arc  portion  44a  of  the  driven 

25  cam  44  and  the  convex  portion  43b  is  apart  from  the  linear  portion  44b  as  shown  in  Fig.  6A.  Accordingly, 
the  pilot  valve  84  is  moved  right  by  the  force  of  the  spring  46a  transmitted  through  the  link  arm  46  and  the 
direct  clutch  DC  is  fully  opened.  At  this  time  the  bottom  end  of  the  spool  member  54  of  the  second  servo 
unit  50  is  at  (b)  position  in  FIG.  3.  Though  the  spool  member  54  can  be  moved  down  to  (a)  position,  it  is 
positioned  at  (b)  position  to  cancel  plays  of  the  link  mechanism  40.  If  the  plays  are  canceled,  the  motor 

30  trunnion  plate  73  can  respond  quickly  to  the  action  of  the  second  servo  unit  50. 
Then,  when  the  spool  member  54  is  moved  up  to  decrease  the  inclination  angle  of  the  trunnion  plate 

73,  the  first  shaft  42c  is  rotated  clockwise  and  therefore  the  trunnion  plate  73  is  also  rotated  clockwise 
around  the  trunnion  axis  73a  by  the  first  servo  unit  30.  Consequently  the  inclination  angle  of  the  trunnion 
plate  73  and  the  speed  reduction  ratio  are  decreased.  At  this  time,  the  drive  cam  43  is  rotated  as  the  first 

35  shaft  42c  is  rotated,  however  the  driven  cam  44  is  not  rotated  until  the  convex  portion  43b  comes  in  contact 
with  the  linear  portion  44b.  Therefore  the  pilot  valve  84  is  stayed  still  and  the  direct  clutch  DC  is  kept  open. 

When  the  spool  member  54  of  the  second  servo  unit  50  is  further  moved  up  until  the  speed  reduction 
ratio  becomes  "1  "  (minimum)  (the  motor  trunnion  plate  being  perpendicular  to  the  motor  axis),  the  convex 
portion  43b  of  the  drive  cam  43  which  has  been  rotated  clockwise  with  the  first  shaft  42c  comes  in  contact 

40  with  the  linear  portion  44b  of  the  driven  cam  44  as  shown  in  FIG.  6B.  At  this  time,  the  bottom  end  of  the 
spool  member  54  of  the  second  servo  unit  50  is  at  the  position  "c"  shown  in  FIG.  3.  It  can  be  found  by  a 
potentiometer  (not  shown)  mounted  on  the  motor  trunnion  plate  73  that  the  motor  trunnion  plate  73  has 
become  perpendicular  to  the  motor  axis  and  the  speed  reduction  ratio  has  become  "1  ".  When  the  fact  that 
the  speed  reduction  ratio  has  become  "1  "  is  detected,  signals  indicating  this  detection  are  sent  to  the 

45  controller  100  from  the  potentiometer. 
When  the  spool  member  54  is  further  moved  up,  the  first  shaft  42c  is  further  rotated  clockwise.  The 

spool  member  34  of  the  first  servo  unit  30  is  pushed  rightward,  but  the  motor  trunnion  plate  73  is  kept 
perpendicular  to  the  motor  axis.  In  the  mean  time,  since  the  drive  cam  43  is  rotated  clockwise  with  the  first 
shaft  42c,  the  linear  portion  44b  is  pushed  by  the  convex  portion  43b  as  shown  in  FIG.  6c  and  consequently 

50  the  driven  cam  44  is  rotated  clockwise. 
The  second  shaft  45  and  the  link  arm  46  are  also  rotated  clockwise  in  accordance  with  the  rotation  of 

the  driven  cam  44  against  the  coil  spring  46a.  Accordingly  the  pilot  valve  84  is  pushed  leftward.  Then  the 
piston  shaft  85  is  also  moved  left  ward  and  the  direct  connecting  state  (the  ON-shaft  of  the  direct  clutch 
valve  DC)  is  created  since  the  shoe  86b  blocks  the  exhaust  line  81b. 

55  Then,  if  the  spool  member  54  of  the  second  servo  unit  50  is  moved  downward,  it  performs  actuation 
reverse  to  the  above,  whereby  the  inclination  angle  of  the  motor  trunnion  plate  73  is  increased  to  increase 
the  speed  reduction  ratio  after  the  direct  clutch  valve  has  been  switched  OFF. 
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Methods  for  controlling  the  operation  of  the  main  clutch  valve  CL  and  the  direct  clutch  valve  DC  and  for 
controlling  the  inclination  of  the  motor  trunnion  plate  73  of  the  continuously  variable  speed  transmission  in 
the  above  structure  are  described  below. 

FIG.  7  is  a  graph  showing  a  relationship  between  the  engine  speed  and  the  vehicle  speed  in  a  vehicle 
5  on  which  the  continuously  variable  speed  transmission  is  mounted.  In  the  graph,  straight  lines  P  and  Q 

show  the  characteristics  at  the  maximum  and  minimum  speed  reduction  ratios  respectively.  When  the 
vehicle  speed  is  zero  and  the  engine  is  in  an  idling  state,  the  main  clutch  CL  is  OFF  with  the  speed 
reduction  ratio  being  maximum  and  the  direct  clutch  DC  is  also  OFF.  When  an  accelerator  pedal  is 
depressed  to  increase  the  throttle  opening  thereby  increasing  the  engine  speed,  the  vehicle  speed  is 

io  increased  controlling  the  speed  reduction  ratio  so  that  the  engine  speed  coincides  with  the  reference  engine 
speed  corresponding  to  the  accelerator  opening.  In  the  control,  for  instance,  the  vehicle  speed  varies  in  the 
order  of  Li  (engagement  of  the  main  clutch)  to  L2  (increase  of  the  vehicle  speed  with  increase  of  the  engine 
speed  at  the  maximum  speed  reduction  ratio)  to  L3  (increase  of  the  vehicle  speed  by  decreasing  the  speed 
reduction  ratio  while  keeping  the  engine  speed  constant)  to  L+  and  L8  (increase  of  the  vehicle  speed  with 

is  increase  of  the  engine  speed  at  the  minimum  speed  reduction  ratio).  At  a  transition  point  from  the  state  L3 
to  the  state  L+  (point  "a"),  the  direct  clutch  valve  DC  is  switched  from  OFF  to  ON.  The  traveling 
characteristics  along  the  lines  Li  to  L+  shown  herein  varies  with  the  degree  of  depression  of  the  accelerator 
pedal.  For  example,  when  the  depression  of  the  accelerator  pedal  is  great  and  fast,  connection  control  of 
the  main  clutch  and  speed  reduction  control  of  the  transmission  are  conducted  at  a  high  engine  speed,  for 

20  example,  along  the  lines  L5,  LG,  L7  and  L8  in  the  graph. 
After  the  speed  reduction  ratio  has  become  minimum  or  "1  "  and  the  direct  clutch  valve  DC  has  been 

switched  ON,  the  reference  engine  speed  R  for  switching  OFF  the  direct  clutch  valve  DC  is  set  based  on 
the  accelerator  opening  and  the  speed  difference  dNe  corresponding  to  the  vehicle  speed  is  also  set. 
Referring  to  FIG.  7,  for  example,  when  the  engine  speed  is  reduced  along  a  straight  line  Q  (L8  and  L4)  and 

25  reaches  a  point  "d"  at  which  the  line  Q  intersects  a  line  S,  the  engine  speed  at  the  point  "d"  being  smaller 
than  the  reference  engine  speed  R  by  the  predetermined  speed  difference  dNe,  the  direct  clutch  valve  DC 
is  switched  from  ON  to  OFF.  The  predetermined  speed  difference  dNe  substantially  corresponds  to  the 
increment  of  the  engine  speed  created  when  the  direct  clutch  valve  DC  is  switched  from  ON  to  OFF. 
Therefore,  even  if  the  engine  speed  is  increased  when  the  direct  clutch  valve  DC  is  switched  ON,  the 

30  engine  speed  is  prevented  from  exceeding  the  reference  engine  speed  whereby  a  "hunting"  phenomenon 
can  be  avoided.  This  phenomenon  is  created  when  the  engine  speed  exceeds  the  reference  engine  speed 
at  the  OFF-switching  of  the  direct  clutch  valve  DC,  since  the  direct  clutch  valve  is  switched  ON  again  if  the 
engine  speed  exceeds  the  reference  speed. 

Further,  when  the  direct  clutch  valve  DC  is  switched  from  ON  to  OFF  and  vice  versa,  slow  movement  of 
35  the  pilot  valve  84  may  cause  a  delay  in  the  switching  operation  of  the  direct  clutch  valve,  whereas  too  fast 

movement  thereof  may  result  in  a  jerky  control. 
If  the  pilot  valve  84  is  moved  slowly  leftward  to  move  the  piston  shaft  85  leftward,  longer  time  is 

required  to  block  the  exhaust  line  81b  with  the  shoe  86.  Therefore  the  actuation  of  direct  clutching  may  be 
delayed.  However,  if  the  pilot  valve  84  is  quickly  moved  left,  the  hydraulic  thrust  force  applied  on  the  motor 

40  plungers  72  and  the  volumetric  efficiency  of  the  transmission  varies  abruptly.  Accordingly,  the  engine  load 
is  increased  hastily  causing  jerky  traveling  characteristics  and  deteriorated  driving  feeling. 

In  the  continuously  variable  speed  transmission  T  disclosed  in  the  embodiment,  the  slight-open  position 
detecting  switch  58  of  the  second  servo  unit  50  can  detect  whether  the  shoe  86b  is  moved  to  a  slight-open 
position  where  the  delivery  passage  is  slightly  opened  (or  almost  closed)  by  the  shoe  86b.  In  other  words, 

45  the  switch  58  can  judge  whether  the  direct  clutch  valve  DC  is  moved  to  the  slight-open  position  or  not.  (If 
the  direct  clutch  valve  DC  is  positioned  at  the  slight-open  position,  the  bottom  end  of  the  spool  54  is  at  the 
position  (d)  in  FIG.  2.)  The  movement  of  the  pilot  valve  84  is  controlled  based  on  the  flow  chart  as  shown  in 
FIG.  9. 

A  control  method  of  switching  the  direct  connecting  valve  DC  from  OFF  to  ON  is  described  below. 
50  When  a  potentiometer  for  detecting  the  angle  of  the  motor  trunnion  73  detects  a  fact  that  the  angle 

becomes  0  and  the  speed  reduction  ratio  becomes  1  (the  lower  end  of  the  spool  member  54  is  at  the 
position  (C))  (Si),  the  controller  100  outputs  duty  ratio  signals  to  solenoid  valves  151  and  152  to  quickly 
move  the  spool  member  54  of  the  second  servo  valve  50  upward  until  the  bottom  end  of  the  spool  member 
54  reaches  the  position  (d).  Accordingly,  the  pilot  valve  84  is  moved  rapidly  whereby  the  shoe  86  and  the 

55  piston  shaft  85  are  also  moved  rapidly  in  a  direction  so  as  to  close  the  delivery  passage  81b  (S3). 
Accordingly,  a  time  required  to  switch  the  direct  clutch  valve  DC  ON  can  be  shortened,  such  that  the 
switching  speed  of  the  direct  clutch  valve  is  increased.  The  thrust  forces  on  the  motor  plungers  and  the 
volumetric  efficiencies  are  greatly  varied  when  the  direct  clutch  valve  DC  is  moved  from  the  slight-open 
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position  to  the  full-closed  position.  Therefor  shock  is  seldom  produced  even  if  the  direct  clutch  valve  DC  is 
rapidly  moved  from  the  full-open  position  to  the  slight-open  position. 

When  the  slight-open  position  detecting  switch  58  detects  the  movement  of  the  shoe  86b  to  the  slight- 
open  where  the  delivery  passage  81b  is  slightly  opened  (the  lower  end  of  the  spool  member  54  being  at 

5  the  position  (d))  (S2),  the  spool  member  54  is  moved  upward  very  slowly,  because  the  moving  speed  of  the 
direct  clutch  valve  DC  from  the  slight-open  position  to  the  full-closed  position  greatly  affects  the  develop- 
ment  of  shocks.  Accordingly,  the  controller  100  changes  the  duty  signals  to  the  solenoid  valves  151  and 
152  to  raise  the  spool  member  54  of  the  second  servo  valve  50  very  slowly  (S5).  In  such  a  way,  the  full 
closing  of  the  delivery  passage  81b  by  the  shoe  86b  is  conducted  very  slowly  to  prevent  the  creation  of 

10  jerky  traveling  characteristics. 
The  magnitude  of  variation  in  the  efficiency  caused  by  the  ON/OFF  switching  of  the  direct  clutch  valve 

DC  substantially  proportional  to  the  engine  output  power  and  can  be  roughly  estimated  by  vehicle  traveling 
resistance.  Accordingly,  when  the  delivery  passage  81b  is  closed  very  slowly  by  the  shoe  85b  as  described 
above,  the  moving  speed  of  the  shoe  85b  is  set  according  to  the  vehicle  speed  (or  to  the  traveling 

15  resistance),  so  that  the  switching  speed  of  the  clutch  valve  DC  may  be  high  when  the  vehicle  speed  is  low, 
and  vice  versa  (S+).  In  such  a  way,  when  the  vehicle  speed  is  low  and  the  variation  in  the  efficiency  caused 
by  the  ON/OFF  switching  of  the  direct  clutch  valve  DC  is  small,  the  moving  speed  of  the  shoe  86b  can  be 
increased  to  some  extent  without  producing  jerky  traveling.  Therefore,  the  actuation  time-lag  can  be 
minimized  while  preventing  the  development  of  the  jerky  traveling.  Although  the  control  flow  is  completed 

20  when  the  direct  clutch  valve  DC  is  switched  ON  (Sg),  the  direct  clutch  valve  DC  is  kept  switched  OFF  if  the 
speed  reduction  ratio  has  not  reached  "1"  (S7) 

On  the  other  hand,  a  control  similar  to  that  of  the  above  may  be  conducted  to  switch  OFF  the  direct 
clutch  valve  DC  after  it  has  been  switched  ON.  In  this  case,  the  moving  speed  from  the  full-closed  position 
of  the  direct  connecting  clutch  valve  DC  to  the  slight-open  position  thereof  is  also  very  slow  according  to 

25  the  vehicle  speeds  as  shown  in  FIG.  8,  thus  preventing  the  development  of  jerky  traveling. 
The  moving  speed  is  set  according  to  the  vehicle  speed  since  the  engine  power  is  approximately 

proportional  to  the  traveling  resistance  in  the  above  embodiment.  However,  the  moving  speed  can  be  set 
according  to  the  engine  power.  The  engine  power  can  be  measured  by  detecting  the  quantity  of  the  inlet 
air.  The  quantity  can  be  measured  by  a  hot-wire  air  flowmeter  or  measurement  based  on  negative  inlet  air 

30  pressure. 
Although  in  the  above  embodiments,  the  device  for  controlling  the  angle  of  the  motor  trunnion  plate  is 

connected  to  the  direct  clutch  device  by  a  link  mechanism,  a  link  mechanism  of  another  structure  may  be 
used  or  the  direct  clutch  device  may,  of  course,  be  controlled  independently. 

Also,  the  above  embodiments  describe  a  continuously  variable  speed  transmission  in  which  the  input 
35  shaft  1  is  connected  to  the  pump  cylinder  60  and  the  supporting  portion  70a  of  the  pump  swash  plate  63  is 

coupled  with  the  motor  cylinder  70  which  is  arranged  on  the  outer  periphery  of  the  pump  cylinder  60. 
However,  the  present  invention  is  not  limited  to  the  direct  clutch  device  in  the  above  continuously  variable 
speed  transmission.  For  example,  a  clutch  device  of  the  present  invention  may  be  used  for  a  continuously 
variable  speed  transmission  in  which  a  pump  cylinder  and  a  motor  cylinder  are  horizontally  arranged.  In 

40  addition  the  direct  clutch  device  may  be  used  for  another  type  of  continuously  variable  speed  transmission 
wherein  the  angle  of  the  swash  plate  of  the  pump  is  variable,  the  motor  is  of  a  constant  displacement  type, 
the  input  shaft  is  connected  to  the  pump  cylinder,  the  pump  cylinder  is  connected  to  the  supporting 
member  of  the  motor  swash  plate,  and  the  motor  cylinder  is  connected  to  the  output  shaft. 

45  Claims 

1.  A  hydraulic  continuously  variable  speed  transmission  with  a  direct  clutch  valve  comprising: 
a  hydraulic  pump  (P)  connected  to  an  engine  (E); 
a  hydraulic  motor  (M)  connected  to  an  output  shaft  (2); 

50  a  hydraulic  closed  circuit  (La.Lb)  for  hydraulically  connecting  said  hydraulic  pump  and  said 
hydraulic  motor; 

a  direct  clutch  valve  (DC)  actuable  in  said  closed  circuit  to  block  said  closed  circuit; 
a  speed  reduction  ratio  control  actuator  (30,50)  for  varying  displacements  of  at  leat  one  of  said 

hydraulic  pump  and  said  hydraulic  motor  to  control  the  speed  reduction  ratio; 
55  a  direct  clutch  actuator  for  moving  said  direct  clutch  valve  from  a  full-open  position  in  which  said 

closed  circuit  is  opened  to  a  full-closed  position  in  which  said  closed  circuit  is  fully  blocked; 
ratio  detecting  means  which  detects  said  speed  reduction  ratio  to  find  if  said  speed  reduction  ratio 

becomes  substantially  "1  ";  and 
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valve  position  detecting  means  (58)  which  detects  the  position  of  said  direct  clutch  valve; 
characterised  in  that  said  valve  position  detecting  means  is  arranged  to  find  if  said  direct  clutch 

valve  is  moved  to  a  slight-open  position  in  which  said  closed  circuit  is  slightly  opened; 
whereby  said  direct  clutch  valve  is  moved  relatively  quickly  from  the  full-open  position  to  the  slight- 

5  open  position  by  said  direct  clutch  actuator  when  it  is  found  by  said  ratio  detecting  means  that  the 
speed  reduction  ratio  has  become  substantially  "1  ",  and 
then  said  direct  clutch  valve  is  moved  relatively  slowly  from  the  slight-open  position  to  the  full-closed 
position  by  said  direct  clutch  actuator  when  it  is  found  by  said  valve  position  detecting  means  that  the 
direct  clutch  valve  has  been  moved  to  the  slight-open  position. 

10 
2.  A  hydraulic  continuously  variable  speed  transmission  with  a  direct  clutch  valve  as  defined  in  claim  1  ; 

wherein  the  direct  clutch  valve  is  moved  from  said  slight-open  position  to  said  full-closed  position 
by  said  direct  clutch  actuator  at  a  moving  speed  which  depends  upon  the  power  of  the  engine. 

is  3.  A  hydraulic  continuously  variable  speed  transmission  with  a  direct  clutch  valve  as  defined  in  claim  2; 
wherein  said  moving  speed  corresponding  to  the  engine  power  is  lowered  as  the  engine  power 

increases. 

4.  A  hydraulic  continuously  variable  speed  transmission  with  a  direct  clutch  valve  as  defined  in  claim  1  ; 
20  wherein  the  direct  clutch  valve  is  moved  from  said  slight-open  position  to  said  full-closed  position 

by  said  direct  clutch  actuator  at  a  moving  speed  which  depends  upon  vehicle  speed. 

5.  A  hydraulic  continuously  variable  speed  transmission  with  a  direct  clutch  valve  as  defined  in  claim  4; 
wherein  said  moving  speed  is  lowered  as  the  vehicle  speed  increases. 

25 
6.  A  hydraulic  continuously  variable  speed  transmission  with  a  direct  clutch  valve  as  defined  in  any 

preceding  claim 
wherein  said  hydraulic  pump  (P)  is  a  constant  displacement  swash  plate  type  axial  plunger 

hydraulic  pump  and  said  hydraulic  motor  (M)  is  a  variable  displacement  swash  plate  type  axial  plunger 
30  pump; 

a  cylinder  member  of  said  pump  being  connected  to  said  engine  (E),  a  cylinder  member  of  said 
hydraulic  motor  being  connected  to  said  output  shaft  (2),  and  a  swash  plate  of  said  hydraulic  pump 
being  formed  by  said  cylinder  member  of  said  hydraulic  motor. 

35  Patentanspruche 

1.  Hydraulisches  stufenlos  verstellbares  Getriebe  mit  einem  Uberbruckungskupplungsventil,  umfassend: 
eine  an  einer  Maschine  (E)  angeschlossene  Hydraulikpumpe  (P); 
einen  an  einer  Ausgangswelle  (2)  angeschlossenen  Hydraulikmotor  (M); 

40  einen  geschlossenen  Hydraulikkreislauf  (La,  Lb)  zum  hydraulischen  Verbinden  der  Hydraulikpumpe  mit 
dem  Hydraulikmotor; 
ein  Uberbruckungskupplungsventil  (DC),  das  in  dem  geschlossenen  Kreislauf  zum  Blockieren  des 
geschlossenen  Kreislaufs  betatigbar  ist; 
einem  Drehzahlminderungsverhaltnis-Steuerbetatiger  (30,  50)  zum  Andern  von  Verdrangungen  der 

45  Hydraulikpumpe  oder/und  des  Hydraulikmotors  zur  Steuerung  des  Drehzahlminderungsverhaltnisses; 
einen  Uberbruckungskupplungsbetatiger  zum  Bewegen  des  Uberbruckungskupplungsventils  von  einer 
vollstandig  offenen  Stellung,  in  der  der  geschlossene  Kreislauf  geoffnet  ist,  in  eine  vollstandig 
geschlossene  Stellung,  in  der  der  geschlossene  Kreislauf  vollstandig  blockiert  ist; 
ein  Verhaltniserfassungsmittel,  das  das  Drehzahlminderungsverhaltnis  erfaBt,  urn  festzustellen,  ob  das 

50  Drehzahlminderungsverhaltnis  im  wesentlichen  "1  "  wird;  und 
ein  Ventilstellungserfassungsmittel  (58),  das  die  Stellung  des  Uberbruckungskupplungsventils  erfaBt; 
dadurch  gekennzeichnet,  dal3  das  Ventilstellungserfassungsmittel  zum  Feststellen  angeordnet  ist,  ob 
das  Uberbruckungskupplungsventil  in  eine  leicht  geoffnete  Stellung  bewegt  ist,  in  der  der  geschlossene 
Kreislauf  leicht  geoffnet  ist; 

55  wodurch  der  Uberbruckungskupplungsbetatiger  das  Uberbruckungskupplungsventil  relativ  schnell  von 
der  vollstandig  geoffneten  Stellung  in  die  leicht  geoffnete  Stellung  bewegt,  wenn  das  Verhaltniserfas- 
sungsmittel  feststellt,  dal3  das  Drehzahlminderungsverhaltnis  im  wesentlichen  "1  "  geworden  ist,  und 
dann  der  Uberbruckungskupplungsbetatiger  das  Uberbruckungskupplungsventil  relativ  langsam  von  der 
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leicht  geoffneten  Stellung  in  die  vollstandig  geschlossene  Stellung  bewegt,  wenn  das  Ventilstellungser- 
fassungsmittel  feststellt,  dal3  das  Uberbruckungskupplungsventil  in  die  leicht  geoffnete  Stellung  bewegt 
worden  ist. 

5  2.  Hydraulisches  stufenlos  verstellbares  Getriebe  mit  einem  Uberbruckungskupplungsventil  nach  Anspruch 
1,  worin  der  Uberbruckungskupplungsbetatiger  das  Uberbruckungskupplungsventil  von  einer  leicht 
geoffneten  Stellung  in  die  vollstandig  geschlossene  Stellung  mit  einer  Bewegungsgeschwindigkeit 
bewegt,  die  von  der  Maschinenleistung  abhangt. 

io  3.  Hydraulisches  stufenlos  verstellbares  Getriebe  mit  einem  Uberbruckungskupplungsventil  nach  Anspruch 
2,  worin  die  der  Maschinenleistung  entsprechende  Bewegungsgeschwindigkeit  gesenkt  wird,  wenn  die 
Maschinenleistung  ansteigt. 

4.  Hydraulisches  stufenlos  verstellbares  Getriebe  mit  einem  Uberbruckungskupplungsventil  nach  Anspruch 
is  1,  worin  der  Uberbruckungskupplungsbetatiger  das  Uberbruckungskupplungsventil  von  der  leicht  geoff- 

neten  Stellung  in  die  vollstandig  geschlossene  Stellung  mit  einer  Bewegungsgeschwindigkeit  bewegt, 
die  von  der  Fahrzeuggeschwindigkeit  abhangt. 

5.  Hydraulisches  stufenlos  verstellbares  Getriebe  mit  einem  Uberbruckungskupplungsventil  nach  Anspruch 
20  4,  worin  die  Bewegungsgeschwindigkeit  gesenkt  wird,  wenn  die  Fahrzeuggeschwindigkeit  ansteigt. 

6.  Hydraulisches  stufenlos  verstellbares  Getriebe  mit  einem  Uberbruckungskupplungsventil  nach  einem 
der  vorhergehenden  Anspruche, 
worin  die  Hydraulikpumpe  (P)  eine  Axialkolbenhydraulikpumpe  vom  Taumelscheibentyp  konstanter 

25  Verdrangung  und  der  Hydraulikmotor  (M)  eine  Axialkolbenpumpe  vom  Taumelscheibentyp  variabler 
Verdrangung  ist; 
ein  Zylinderteil  der  Pumpe  an  die  Maschine  (E)  angeschlossen  ist,  ein  Zylinderteil  des  Hydraulikmotors 
an  die  Ausgangswelle  (2)  angeschlossen  ist  und  eine  Taumelscheibe  der  Hydraulikpumpe  durch  das 
Zylinderteil  des  Hydraulikmotors  gebildet  ist. 

30 
Revendicatlons 

1.  Transmission  hydraulique  a  vitesse  variable  continument  munie  d'une  valve  d'embrayage  de  prise 
directe,  comprenant: 

35  une  pompe  hydraulique  (P)  reliee  a  un  moteur  (E); 
un  moteur  hydraulique  (M)  relie  a  un  arbre  de  sortie  (2); 
un  circuit  hydraulique  ferme  (La,  Lb)  destine  a  relier  hydrauliquement  ladite  pompe  hydraulique  au 

dit  moteur  hydraulique; 
une  valve  d'embrayage  de  prise  directe  (DC)  pouvant  etre  actionnee  dans  ledit  circuit  hydraulique 

40  ferme  pour  bloquer  ledit  circuit  ferme; 
un  actionneur  (30,  50)  de  reglage  du  rapport  de  reduction  de  vitesse  permettant  de  faire  varier  les 

cylindrees  de  I'un  (I'une)  au  moins  des  dits  pompe  hydraulique  et  moteur  hydraulique,  de  maniere  a 
regler  le  rapport  de  reduction  de  vitesse; 

un  actionneur  d'embrayage  de  prise  directe  permettant  de  deplacer  ladite  valve  d'embrayage  de 
45  prise  directe  d'une  position  de  pleine  ouverture,  dans  laquelle  ledit  circuit  ferme.  est  ouvert,  en  une 

position  de  fermeture  totale,  dans  laquelle  ledit  circuit  ferme  est  entierement  bloque; 
des  moyens  de  detection  du  rapport  qui  detectent  ledit  rapport  de  reduction  de  la  vitesse,  afin  de 

determiner  si  ledit  rapport  de  reduction  de  vitesse  devient  pratiquement  "1  ";  et 
des  moyens  de  detection  (58)  de  la  position  de  la  valve,  qui  detectent  la  position  de  ladite  valve 

50  d'embrayage  de  prise  directe; 
caracterisee  en  ce  que 

lesdits  moyens  de  detection  de  la  position  de  la  valve  sont  agences  de  maniere  a  determiner  si 
ladite  valve  d'embrayage  de  prise  directe  a  ete  deplacee  en  une  position  legerement  ouverte,  dans 
laquelle  ledit  circuit  ferme  est  legerement  ouvert; 

55  ou  ladite  valve  d'embrayage  de  prise  directe  est  deplacee  relativement  rapidement  de  la  position 
de  pleine  ouverture  en  position  legerement  ouverte,  au  moyen  du  dit  actionneur  d'embrayage  de  prise 
directe,  lorsqu'il  a  ete  determine  par  lesdits  moyens  de  detection  du  rapport  de  reduction  que  le 
rapport  de  reduction  de  la  vitesse  est  devenu  pratiquement  "1  ",  et 
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ladite  valve  d'embrayage  de  prise  directe  est  ensuite  deplacee  relativement  lentement  de  la 
position  legerement  ouverte  jusqu'en  position  completement  fermee,  au  moyen  du  dit  actionneur 
d'embrayage  de  prise  directe,  lorsqu'il  a  ete  determine  par  lesdits  moyens  de  detection  de  la  position 
de  la  valve  que  la  valve  d'embrayage  de  prise  directe  a  ete  amenee  en  position  legerement  ouverte. 

Transmission  hydraulique  a  vitesse  variable  en  continu  comprenant  une  valve  d'embrayage  de  prise 
directe  selon  la  revendication  1  ,  dans  laquelle  ladite  valve  d'embrayage  de  prise  directe  est  deplacee 
depuis  ladite  position  legerement  ouverte  jusque  dans  ladite  position  completement  fermee,  au  moyen 
du  dit  actionneur  d'embrayage  de  prise  directe,  a  une  vitesse  de  deplacement  qui  depend  de  la 
puissance  du  moteur. 

Transmission  hydraulique  a  vitesse  variable  en  continu  comprenant  une  valve  d'embrayage  de  prise- 
directe  selon  la  revendication  2,  dans  laquelle  ladite  vitesse  de  deplacement  correspondant  a  la 
puissance  du  moteur  diminue  lorsque  la  puissance  du  moteur  augmente. 

Transmission  hydraulique  a  vitesse  variable  en  continu  comprenant  une  valve  d'embrayage  de  prise 
directe  selon  la  revendication  1  ,  dans  laquelle  ladite  valve  d'embrayage  de  prise  directe  est  deplacee 
depuis  ladite  position  legerement  ouverte  jusqu'en  position  completement  fermee  par  ledit  actionneur 
d'embrayage  de  prise  directe,  a  une  vitesse  de  deplacement  qui  depend  de  la  vitesse  du  vehicule. 

Transmission  hydraulique  a  vitesse  variable  en  continu  comprenant  une  valve  d'embrayage  de  prise 
directe  selon  la  revendication  4,  dans  laquelle  ladite  vitesse  de  deplacement  est  reduite  lorsque  la 
vitesse  du  vehicule  augmente. 

Transmission  hydraulique  a  vitesse  variable  en  continu  comprenant  une  valve  d'embrayage  de  prise 
directe  selon  I'une  quelconque  des  revendications  precedentes,  dans  laquelle 

ladite  pompe  hydraulique  (P)  est  une  pompe  hydraulique  du  type  a  plateau  oscillant  et  a  pistons 
axiaux,  a  cylindree  constante,  et  ledit  moteur  hydraulique  (M)  est  un  moteur  a  plateau  oscillant  et  a 
pistons  axiaux  a  cylindree  variable; 

un  element  cylindre  de  ladite  pompe  etant  accouple  au  dit  moteur  (E),  un  element  cylindre  du  dit 
moteur  hydraulique  etant  accouple  au  dit  arbre  de  sortie  (2),  et  un  plateau  oscillant  de  ladite  pompe 
hydraulique  etant  constitue  par  ledit  element  cylindre  du  dit  moteur  hydraulique. 
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