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Description 

Background  of  the  Invention 

The  present  invention  relates  to  a  method  of  con- 
trolling  a  central  differential  operation  restriction 
device  control  device  for  a  vehicle  adapted  for 
four  wheel  drive  operation  and  incorporating  a 
four  wheel  drive  power  transmission  system,  and 
more  particularly  relates  to  such  a  central  diffe- 
rential  operation  restriction  device  control  method 
for  a  vehicle  such  as  an  automobile  incorporating 
such  a  four  wheel  drive  power  transmission  sy- 
stem,  said  central  differential  operation  restriction 
device  control  method  providing  control  according 
to  the  discrepancy  between  the  rotational  speed 
of  the  rear  vehicle  wheels  and  the  rotational  spe- 
ed  of  the  front  vehicle  wheels. 

The  present  invention  has  been  described  in 
Japanese  Patent  Applications  Serial  Nos  61- 
105  473,  61-105  475,  61-133  065,  61-153  172 
and  61-230  543  (1986),  all  of  them  having  been 
filed  by  an  applicant  the  same  as  the  entity  assi- 
gned  or  owed  duty  of  assignment  of  the  present 
patent  application;  and  the  present  patent  appli- 
cation  hereby  incorporates  into  itself  by  reference 
the  text  of  said  Japanese  Patent  Applications  and 
the  claims  and  the  drawings  thereof;  copies  are 
appended  to  the  present  application. 

Nowadays  a  greatly  increasing  number  of 
automotive  vehicles  are  being  constructed  with 
four  wheel  drive  transmission  systems,  because 
such  four  wheel  drive  operation,  in  which  all  four 
wheels  of  the  vehicle  are  powered  from  its  engine 
via  its  transmission,  is  very  suitable  for  driving  on 
poor  or  slippery  road  surfaces  such  as  in  mud  or 
over  bad  ground,  or  upon  roads  covered  with 
mud,  snow,  ice,  or  rain.  In  other  words,  four 
wheel  drive  operation  provides  a  much  higher  de- 
gree  of  stability  and  drivability  for  the  vehicle  in 
conditions  where  the  coefficient  of  friction  be- 
tween  the  wheels  and  the  surface  upon  which  the 
vehicle  is  riding  is  relatively  low.  Also,  four  wheel 
drive  operation  is  beneficial  for  aiding  with  hill 
climbing  characteristics  and  high  speed  stability 
characteristics.  Therefore,  the  so  called  full  time 
four  wheel  drive  type  of  transmission,  which  re- 
mains  always  engaged  to  four  wheel  drive  without 
any  episodes  of  two  wheel  driving,  is  becoming 
more  and  more  popular. 

In  such  a  four  wheel  drive  transmission  sys- 
tem  for  an  automotive  vehicle,  it  is  usual  to  pro- 
vide  a  center  differential  device  for  distributing  ro- 
tational  power  between  the  front  wheels  of  the 
vehicle  and  the  rear  wheels  of  the  vehicle,  as  well 
as  the  perse  conventional  rear  differential  device 
that  provides  differential  action  between  the  two 
rear  vehicle  wheels  and  the  also  per  se  conven- 
tional  front  differential  device  that  provides  diffe- 
rential  action  between  the  two  front  vehicle 
wheels.  Such  a  central  or  front  -  rear  differential 
device  is  provided  in  order  to  provide  a  differential 
action  between  said  front  vehicle  wheels  (consi- 
dered  as  a  pair)  and  said  rear  vehicle  wheels 
(also  considered  as  a  pair)  when  the  vehicle  is 

turning  around  a  curve,  in  order  to  eliminate  the 
possibility  of  the  occurrence  of  the  so  called  tight 
corner  braking  phenomenon  created  by  the  diffe- 
rence  in  the  turning  radiuses  of  the  front  wheels 

5  of  the  vehicle  and  the  rear  wheels  thereof  (and 
also  for  various  other  reasons).  And  such  provi- 
sion  of  such  a  central  or  front  -  rear  differential 
device  is  effective  for  achieving  this  result.  Fur- 
ther,  it  has  been  practiced  to  provide  an  automat- 

10  ic  transmission  system  to  a  vehicle  which  is 
equipped  with  such  a  four  wheel  drive  type  trans- 
mission.  Such  a  type  of  structure  is  disclosed,  for 
example,  in  Japanese  Patent  Application  Laying 
Open  Publication  Serial  No.  56-138  020  (1981). 

15  Further,  it  is  per  se  conventional  to  provide,  to 
such  a  center  differential  device,  a  torque  distri- 
bution  control  clutch  such  as  a  central  differential 
control  clutch,  which  serves  for  regulating  the  dis- 
tribution  of  the  drive  torque  produced  by  the  en- 

20  gine  of  the  vehicle  between  the  rear  wheels  of  the 
vehicle  (taken  as  a  combination)  and  the  front 
wheels  of  the  vehicle  (taken  as  a  combination). 
Such  a  type  of  construction  is  disclosed,  for 
example,  in  Japanese  Patent  Application  Laying 

25  Open  Publication  Serial  No.  50-147  027  (1975) 
and  in  Japanese  Patent  Application  Laying  Open 
Publication  Serial  No.  55-72  420  (1980).  And 
such  a  torque  distribution  control  clutch  such  as  a 
central  differential  control  clutch  is  typically  con- 

30  trolled  by  a  hydraulically  operated  servo  device, 
so  that  the  engagement  pressure  of  said  torque 
distribution  control  clutch,  i.e.  the  maximum 
amount  of  torque  that  said  torque  distribution 
control  clutch  can  transmit,  which  defines  the 

35  amount  of  torque  redistribution  which  said  torque 
distribution  control  clutch  can  provide  between 
the  rear  wheels  of  the  vehicle  (taken  as  a  combi- 
nation)  and  the  front  wheels  of  the  vehicle  (taken 
as  a  combination),  is  regulated  by  the  magnitude 

40  of  an  actuating  hydraulic  fluid  pressure.  And  such 
an  actuating  hydraulic  fluid  pressure  is  typically 
provided  by  a  control  system  such  as  a  hybrid 
electrical/hydraulic  control  system  which  may  in- 
clude  a  microcomputer. 

45  Such  a  torque  distribution  control  clutch  or 
central  differential  action  restriction  means  is  typi- 
cally  provided  for  the  following  reason.  If  even 
one  of  the  vehicle  wheels  slips,  which  may  well 
occur  especially  when  the  vehicle  is  being  opera- 

50  ted  upon  a  bad  road  surface  such  as  when  it  is 
raining,  it  is  snowing,  or  when  the  road  is  muddy, 
drive  power  will  be  lost,  whereupon  there  is  the 
problem  that  because  of  the  differential  effect  of 
the  center  differential  device  the  drive  power  of  all 

55  wheels  will  be  reduced,  and  the  so  called  trailbla- 
zability  of  the  vehicle  will  be  severely  deteriora- 
ted.  In,  therefore,  a  four  wheel  drive  device  ha- 
ving  a  center  differential  device,  such  a  differen- 
tial  restriction  device  is  typically  provided.  A  four 

60  wheel  drive  device  has  already  been  proposed, 
constructed  so  that,  when  the  difference  between 
the  rear  wheel  revolution  rate  and  the  front  wheel 
revolution  rate  is  at  least  a  certain  value,  that  is, 
when  one  vehicle  tire  is  slipping  with  respect  to 

65  the  road  surface,  the  differential  control  clutch  is 
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engaged,  and  the  rear  wheels  and  front  wheels 
are  directly  coupled,  whereas  at  other  times  the 
differential  control  clutch  is  released  and  the  cen- 
ter  differential  device  is  allowed  to  carry  out  a 
differential  effect;  this  is  described  in  Japanese  5 
Patent  Laying  Open  Publication  Sho  55-72  420 
(1980). 

If  the  differential  effect  of  the  center  differen- 
tial  device  is  disabled  when  the  difference  be- 
tween  the  front  wheel  and  rear  wheel  revolution  10 
rates  is  at  least  a  certain  value,  then  the  trailbla- 
zability  of  the  vehicle  upon  a  bad  road  surface  is 
improved  by  the  provision  of  the  four  wheel  drive 
state  with  the  front  and  rear  wheels  directly  cou- 
pled,  but,  with  this  approach,  when  the  certain  15 
difference  in  rotation  rate  between  the  front  and 
rear  wheels  is  attained,  the  drive  state  of  the  vehi- 
cle  suddenly  changes  to  four  wheel  drive  state 
with  the  combination  of  the  front  and  the  combi- 
nation  of  the  rear  wheels  being  abruptly  directly  20 
coupled,  and  starting  off  on  bad  road  trailblazabi- 
lity  cannot  be  carried  out  smoothly.  Moreover, 
when  starting  off,  with  the  front  and  rear  wheels 
being  maintained  in  the  directly  coupled  state  by 
the  action  of  the  differential  restriction  device,  it  25 
might  be  considered  to  make  the  torque  distribu- 
tion  between  front  and  rear  correspond  to  the 
weight  distribution  ratio  between  front  and  rear 
wheels.  If,  however,  the  weight  distribution  ratio 
varies  between  the  front  and  rear  wheels,  then  30 
the  tyre  radius  also  differs  between  front  and  rear 
wheels,  and  there  will  be  a  difference  in  the  rate 
of  rotation  between  front  and  rear  wheels,  and  at 
this  point  the  front  and  rear  wheels  will  be  directly 
coupled,  whereupon  a  circulation  torque,  the  so-  35 
called  screw  up  torque,  occurs,  accompanied  by 
power  losses  and  vibration. 

curs,  the  prevalence  of  circulation  torque  or  screw 
up  torque  does  not  occur. 

It  is  a  yet  further  object  of  the  present  inven- 
tion  to  provide  such  a  vehicle  central  differential 
operation  restriction  device  control  method,  which 
are  not  subject  to  hunting. 

EP-A-0  090  944  describes  a  method  for  con- 
trolling  a  central  differential  operation  restricting 
device  in  a  four  wheel  drive  vehicle,  having  the 
features  of  the  preamble  of  Claim  1  . 

The  invention  provides  a  method  for  control- 
ling  a  central  differential  operation  restricting  de- 
vice,  having  the  features  of  Claim  1  . 

The  logic  for  mensurating  the  discrepancy  be- 
tween  the  rear  wheel  rotational  speed  and  the 
front  wheel  rotational  speed  may  be  either  by  cal- 
culating  the  rotation  rate  difference  or  by  calcula- 
ting  the  rotational  speed  ratio. 

A  control  method  according  to  the  present  in- 
vention  is  typically  capable  of  varying  freely  its 
maximum  torque  transmission  capacity  in  re- 
sponse  to  an  external  control  signal,  and  as  this 
differential  restriction  device  may  be  used  a  hy- 
draulic  servo  type  of  wet  multi  plate  clutch,  an 
electromagnetic  powder  clutch,  or  the  like. 

According  to  such  a  method  as  described 
above,  when  the  magnitude  of  the  discrepancy 
between  the  rear  wheel  rotational  speed  and  the 
front  wheel  rotational  speed  is  not  more  than  a 
certain  value,  the  torque  transmission  capacity  of 
the  differential  restriction  device  is  set  to  substan- 
tially  zero,  and  the  center  differential  device  is 
able  to  carry  out  freely  its  differential  effect,  whe- 
reby  not  only  is  the  tight  corner  braking  phenome- 
non  in  which  this  discrepancy  does  not  reach  a 
value  larger  than  the  certain  value  avoided,  but 
also  circulation  torque  when  starting  off  is  sub- 
stantially  prevented  from  occurring.  When  drive 
force  can  no  longer  be  transmitted  from  the  front 
wheels  or  rear  wheels  to  the  road  surface,  and 
slippage  occurs,  then  the  magnitude  of  the  dis- 
crepancy  between  the  rear  wheel  rotational 
speed  and  the  front  wheel  rotational  speed  will 
become  at  least  the  certain  value,  whereupon  the 
torque  transmission  capacity  of  the  differential  re- 
striction  device  will  be  gradually  increased  so  that 
the  differential  effect  of  the  center  differential  de- 
vice  is  gradually  restricted,  and  thereby  the  vehi- 
cle  will  gradually  approach  the  four  wheel  drive 
state  with  the  front  and  rear  wheels  directly  cou- 
pled,  the  driving  characteristics  of  the  vehicle  will 
be  improved,  and  the  trailblazability  will  be  impro- 
ved,  and  bad  road  surface  trailblazability  will  be 
able  to  be  carried  out  gradually  with  smooth  star- 
ting  off  of  the  vehicle  from  rest. 

Summary  of  the  Invention  40 

The  inventors  of  the  present  invention  have  con- 
sidered  the  various  problems  detailed  above  in 
the  aforementioned  type  of  four  wheel  drive  type 
vehicle  incorporating  such  a  four  wheel  drive  po-  45 
wer  transmission  system. 

Accordingly,  it  is  the  primary  object  of  the  pre- 
sent  invention  to  provide  an  improved  method  for 
controlling  a  vehicle  central  differential  operation 
restriction  device  for  a  four  wheel  drive  type  vehi-  50 
cle,  which  avoids  the  problems  detailed  above. 

It  is  a  further  object  of  the  present  invention  to 
provide  such  a  vehicle  central  differential  opera- 
tion  restriction  device  control  method,  which  en- 
sures  that,  on  bad  roads  and  the  like,  even  if  55 
slipping  of  one  of  a  plurality  of  vehicle  wheels  with 
respect  to  the  road  surface  being  driven  on  oc- 
curs,  good  trailability  can  be  carried  out  with 
smooth  starting  off  of  the  vehicle  from  rest. 

It  is  a  further  object  of  the  present  invention  to  60 
provide  such  a  vehicle  central  differential  opera- 
tion  restriction  device  control  method,  which  en- 
sures  that,  on  bad  roads  and  the  like,  even  if 
slipping  of  one  of  a  plurality  of  vehicle  wheels  with 
respect  to  the  road  surface  being  driven  on  oc-  65 

Brief  Description  of  the  Drawings 

The  present  invention  will  now  be  described  with 
respect  to  the  preferred  embodiments  of  a  me- 
thod  thereof,  and  with  reference  to  the  illustrative 
drawings  appended  hereto,  which  however  are 
provided  for  the  purposes  of  explanation  and 
exemplification  only,  and  are  not  intended  to  be 
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limitative  of  the  scope  of  the  present  invention  in 
any  way,  since  this  scope  is  to  be  delimited  solely 
by  the  accompanying  claims.  With  relation  to  the 
figures,  spatial  terms  are  to  be  understood  as  re- 
ferring  only  to  the  orientation  on  the  drawing  pa-  5 
per  of  the  illustrations  of  the  relevant  parts,  unless 
otherwise  specified;  like  reference  numerals,  un- 
less  otherwise  so  specified,  denote  the  same 
parts  and  chambers  and  flow  chart  steps  and  so 
on  in  the  various  figures  relating  to  one  preferred  10 
embodiment,  and  like  parts  and  chambers  and 
flow  chart  steps  and  so  on  in  the  various  figures 
relating  to  different  preferred  embodiments;  and: 

-  Fig.  1  is  a  schematic  longitudinal  skeleton  15 
view  of  a  vehicle  power  train  and  of  a  control 
system  therefor  which  incorporates  a  vehicle 
central  differential  operation  restriction  device 
control  device  of  the  present  invention,  for 
practicing  the  first  preferred  method  embodi-  20 
ment; 

-  Fig.  2  is  a  partially  longitudinal  sectional  parti- 
ally  schematic  block  diagrammatical  view  of  a 
torque  transfer  clutch  which  is  provided  to  a 
center  differential  device  of  the  Fig.  1  power  25 
train,  and  of  an  actuating  servo  device  for  said 
torque  transfer  clutch,  for  showing  details  of 
their  constructions,  said  torque  transfer  clutch 
and  said  actuating  servo  device  therefor  being 
controlled  according  to  the  first  method  embo-  30 
diment; 

-  Fig.  3  is  a  fragmentary  flow  chart  for  showing 
the  operation  of  this  first  preferred  method 
embodiment,  illustrating  the  flow  of  a  program 
which  is  obeyed  by  a  transmission  control  de-  35 
vice  which  is  shown  by  a  block  in  Fig.  1  ; 

-  Fig.  4  is  a  graph  which  shows  along  the  verti- 
cal  axis  the  magnitude  of  the  steady  state 
torque  transmission  capacity  which  is  being 
caused  to  be  provided  between  two  clutch  40 
plate  sets  of  the  Fig.  2  torque  transfer  clutch 
by  their  being  squeezed  together  according  to 
the  pressure  of  a  piston  member  upon  them, 
and  which  shows  along  the  horizontal  axis  the 
magnitude  of  the  absolute  value  of  the  diffe-  45 
rence  deltaN  between  the  rotational  speed  of 
the  rear  vehicle  wheels  and  the  rotational  spe- 
ed  of  the  front  vehicle  wheels; 

-  Fig.  5  is  similar  to  Fig.  1  relating  to  the  first 
preferred  method  embodiment,  being  a  sche-  50 
matic  longitudinal  skeleton  view  of  a  vehicle 
power  train  and  of  a  control  system  therefor 
which  incorporates  a  vehicle  central  differenti- 
al  operation  restriction  device  control  device 
for  practicing  the  second  preferred  method  55 
embodiment; 

-  Fig.  6  is  similar  to  Fig.  3  relating  to  the  first 
preferred  method  embodiment,  being  a  frag- 
mentary  flow  chart  for  showing  the  operation 
of  this  second  preferred  method  embodiment,  60 
illustrating  the  flow  of  a  program  which  is 
obeyed  by  a  transmission  control  device 
which  is  shown  by  a  block  in  Fig.  4; 

-  Fig.  7  is  a  graph  relating  to  the  operation  of 
said  Fig.  6  program  fragment,  showing  along  65 

the  vertical  axis  the  magnitude  of  a  threshold 
value  for  the  absolute  value  of  the  difference 
deltaN  between  the  rotational  speed  of  the  re- 
ar  vehicle  wheels  and  the  rotational  speed  of 
the  front  vehicle  wheels,  and  showing  along 
the  horizontal  axis  the  magnitude  of  the  cur- 
rent  steering  angle  of  the  vehicle; 
Fig.  8  is  similar  to  Fig.  6  relating  to  the  second 
preferred  method  embodiment,  being  a  frag- 
mentary  flow  chart  for  illustrating  an  alternati- 
ve  possibility  for  the  program  flow  thereof: 
Fig.  9  is  similar  to  Figs.  1  and  5  relating  re- 
spectively  to  the  first  and  second  preferred 
method  embodiments,  being  a  schematic  lon- 
gitudinal  skeleton  view  of  a  vehicle  power 
train  and  of  a  control  system  therefor  which 
incorporates  a  vehicle  central  differential  ope- 
ration  restriction  device  control  device,  for 
practicing  the  third  preferred  method  embodi- 
ment; 
Fig.  10  is  similar  to  Figs.  3  and  7  respectively 
relating  to  the  first  and  the  second  preferred 
method  embodiments,  being  a  fragmentary 
flow  chart  for  showing  the  operation  of  this 
third  preferred  method  embodiment,  illustra- 
ting  the  flow  of  a  program  which  is  obeyed  by 
a  transmission  control  device  which  is  shown 
by  a  block  in  Fig.  9; 
Fig.  1  1  is  similar  to  Figs.  3,  7,  and  10  respecti- 
vely  relating  to  the  first  through  the  third  pre- 
ferred  method  embodiments,  being  a  frag- 
mentary  flow  chart  for  showing  the  operation 
of  the  fourth  preferred  method  embodiment, 
illustrating  the  flow  of  a  program  which  is 
obeyed  by  a  transmission  control  device; 
Fig.  12  is  a  graph  for  showing  an  example  of 
the  manner  in  which,  in  these  fourth  preferred 
embodiments,  the  threshold  rotational  speed 
difference  value  deltaNset,  which  is  shown 
along  the  vertical  axis,  may  depend  upon  the 
rotational  speed  Nr  of  the  rear  vehicle  wheels 
or  the  rotational  speed  Nf  of  the  front  vehicle 
wheels,  which  is  shown  along  the  horizontal 
axis,  for  various  values  of  the  steering  angle 
of  the  vehicle  (in  this  graph,  the  origin  does 
not  represent  a  zero  value  for  said  threshold 
rotational  speed  difference  value  deltaNset 
but  on  the  contrary  represents  a  positive  and 
non  zero  basic  value  therefor); 
Fig.  13  is  similar  to  Fig.  11  relating  to  the 
fourth  preferred  method  embodiment,  being  a 
fragmentary  flow  chart  for  illustrating  an  alter- 
native  possibility  for  the  program  flow  thereof; 
Fig.  14  is  a  figure  similar  to  Figs.  1,  5,  and  9 
relating  respectively  to  the  first,  the  second, 
and  the  third  preferred  method  embodiments, 
being  a  schematic  longitudinal  skeleton  view 
of  a  vehicle  power  train  and  of  a  control  sy- 
stem  therefor  which  incorporates  a  vehicle 
central  differential  operation  restriction  device 
control  device,  for  practicing  the  fifth  preferred 
method  embodiment; 
Fig.  15  is  similar  to  various  previous  figures 
relating  to  previously  described  preferred  me- 
thod  embodiments,  being  a  fragmentary  flow 



EP  0  245  069  B1 

8 

chart  for  showing  the  operation  of  this  fifth 
preferred  method  embodiment,  illustrating  the 
flow  of  a  program  which  is  obeyed  by  a  trans- 
mission  control  device  which  is  shown  by  a 
block  in  Fig.  14;  and: 
Fig.  1  6  is  a  time  chart  relating  to  the  operation 
of  the  fifth  preferred  embodiment,  in  which  ti- 
me  is  shown  along  the  horizontal  direction 
and  the  absolute  value  of  the  difference  be- 
tween  the  rotational  speed  of  the  rear  vehicle 
wheels  and  the  rotational  speed  of  the  front 
vehicle  wheels  and  also  the  duty  ratio  of  a 
pulse  electrical  signal  are  both  shown  along 
the  vertical  direction. 

receives  rotational  power  from  the  power  output 
shaft  of  the  fluid  torque  converter  5;  and  thereby 
the  gear  transmission  mechanism  7  receives  ro- 
tational  power  from  the  internal  combustion  en- 

5  gine  1  ,  with  a  certain  degree  of  slippage  and  also 
torque  amplification  being  provided  for  said  rota- 
tional  power  by  the  fluid  torque  converter  5  (un- 
less  a  lock  up  clutch  thereof,  if  provided  thereto, 
is  activated;'  such  arrangements  are  not  particu- 

10  larly  shown)  as  is  per  se  conventional.  This  gear 
transmission  mechanism  7  may  for  the  purposes 
of  this  specification  be  of  a  per  se  known  type 
incorporating  various  planetary  gear  mechanisms 
and  friction  engaging  mechanisms  such  as 

75  clutches  and  brakes,  and,  according  to  selective 
actuation  of  said  friction  engaging  mechanisms 
provided  in  a  per  se  known  manner  by  an  electri- 
cally  controlled  electric/hydraulic  control  mecha- 
nism  9  of  a  per  se  known  sort  including  various 

20  speed  change  valves  and/or  solenoids  and  so  on, 
provides  any  one  of  a  plurality  of  speed  reduction 
stages  between  its  said  power  input  shaft  and  its 
power  output  shaft,  its  said  power  output  shaft 
driving  the  four  wheel  drive  power  transfer  device 

25  3. 
This  four  wheel  drive  power  transfer  device  3 

incorporates  a  center  differential  device  10  of  a 
planetary  gear  wheel  type  for  providing  full  time 
differential  action  between  the  front  wheels  of  the 

30  vehicle  and  the  rear  wheels  of  the  vehicle  during 
the  full  time  four  wheel  drive  operation  thereof. 
Now  the  detailed  construction  of  this  center  diffe- 
rential  device  10  will  be  explained.  It  comprises  a 
sun  gear  13,  a  ring  gear  14,  a  carrier  11,  and  a 

35  plurality  of  planetary  pinions  12  which  are  rotata- 
bly  mounted  to  said  carrier  11  and  meshed  be- 
tween  the  sun  gear  13  and  the  ring  gear  14  and 
which  perform  planetary  movement  between  the 
same  in  a  per  se  known  manner.  The  carrier  1  1 

40  functions  as  an  input  member  for  this  center  diffe- 
rential  device  10,  and  said  carrier  11  is  rotational- 
ly  connected  to  the  output  shaft  of  the  gear  trans- 
mission  mechanism  7  via  a  transfer  shaft  which 
passes  through  the  central  axial  hole  of  the  hol- 

45  low  sun  gear  13.  The  ring  gear  14  functions  as 
one  power  output  member  for  the  center  differen- 
tial  device  10  for  supplying  power  to  the  rear 
wheels  of  the  vehicle,  and  is  rotationally  connec- 
ted  to  a  rear  wheel  power  output  shaft  15  which 

50  extends  out  of  the  four  wheel  drive  power  transfer 
device  3  in  the  direction  to  the  left  as  seen  in  Fig. 
1  ,  i.e.  towards  the  rear  of  the  vehicle  in  this  parti- 
cular  exemplary  implementation.  And  the  sun 
gear  13  functions  as  another  power  output  mem- 

55  ber  for  the  center  differential  device  10  for  sup- 
plying  power  to  the  front  wheels  of  the  vehicle, 
and  is  rotationally  connected  to  a  sleeve  shaped 
intermediate  front  wheel  drive  shaft  16,  via  a 
drum  member  which  fits  around  the  entire  diffe- 

60  rential  device.  This  intermediate  front  wheel  drive 
shaft  16  is  hollow  and  is  fitted  around  the  rear 
wheel  power  output  shaft  15,  and  on  its  outside 
there  is  fixedly  mounted  a  sprocket  wheel  1  8.  An 
endless  chain  20  is  fitted  around  this  sprocket 

65  wheel  18  and  also  around  another  sprocket 

Description  of  the  Preferred  Embodiments 

The  present  invention  will  now  be  described  with 
reference  to  the  preferred  embodiments  of  the 
method  thereof,  and  with  reference  to  the  figures. 

First  Overall  Vehicle  Power  Train  Structure 

Fig.  1  is  a  schematic  longitudinal  skeleton  view  of 
a  power  train  of  a  vehicle,  which  incorporates  a 
control  device  of  the  present  invention  for  control- 
ling  a  four  wheel  drive  vehicle  central  differential 
operation  restriction  device,  said  control  device 
performing  the  first  preferred  method  embodi- 
ment.  In  this  figure,  the  reference  numeral  1  de- 
notes  an  internal  combustion  engine  of  the  vehi- 
cle,  which  is  mounted,  in  this  exemplary  case, 
longitudinally  in  the  front  engine  room  (not  parti- 
cularly  shown)  of  said  vehicle.  And  the  reference 
numeral  2  denotes  an  automatic  speed  change 
device  (automatic  transmission)  of  a  per  se 
known  type  mounted  to  the  rear  of  the  engine  1  , while  3  denotes  a  four  wheel  drive  power  transfer 
device  which  is  always  operating  in  so  called  full 
time  four  wheel  drive  mode,  so  as  always  to  drive 
both  the  rear  pair  of  wheels  of  the  vehicle  and 
also  the  front  pair  of  wheels  of  the  vehicle,  albeit 
with  the  differential  action  provided  by  this  four 
wheel  drive  power  transfer  device  3  being  selec- 
tably  either  not  provided  at  all,  being  provided  to 
a  limited  degree,  or  being  fully  provided,  as  will 
be  explained  in  detail  hereinafter. 

In  more  detail,  the  automatic  speed  change 
device  2  incorporates  a  fluid  torque  converter  5  of 
a  per  se  known  construction,  and  the  power  input 
member  8  of  this  fluid  torque  converter  5  is 
connected  via  an  input  shaft  to  and  receives  rota- 
tional  power  from  a  crank  shaft  of  the  internal 
combustion  engine  1  .  And  the  fluid  torque  conver- 
ter  5  is  housed  within  a  torque  converter  housing 
4  which  is  fitted  against  and  is  secured  to  the 
main  body  of  the  internal  combustion  engine  1  , while  the  automatic  speed  change  device  2  com- 
prises  a  gear  transmission  mechanism  7,  which  is 
likewise  housed  within  a  speed  change  device 
housing  6  fitted  against  and  secured  to  the  torque 
converter  housing.  And  the  input  shaft  of  the  gear 
transmission  mechanism  7  is  connected  to  and 
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wheel  19  provided  below  said  sprocket  wheel  18, 
from  the  point  of  view  of  the  figure  and  in  the 
actual  vehicle  body  also,  and  the  central  axis  of 
this  sprocket  wheel  19  extends  parallel  to  the 
central  axis  of  the  sprocket  wheel  18.  This  5 
sprocket  wheel  19  is  fixedly  mounted  on  a  front 
wheel  power  output  shaft  17,  one  end  of  which 
protrudes  from  the  housing  of  this  four  wheel 
drive  power  transfer  device  3  in  the  rightwards 
direction  in  the  figure,  i.e.  towards  the  front  end  of  10 
the  vehicle  in  this  particular  exemplary  implemen- 
tation. 

Thus,  the  power  distribution  ratio  (drive  torque 
distribution)  between  the  intermediate  front  wheel 
drive  shaft  16  and  the  rear  wheel  power  output  15 
shaft  1  5,  when  this  four  wheel  drive  power  trans- 
fer  device  3  is  operating  freely  (i.e.  when  a  clutch 
21  to  be  described  shortly  is  in  the  fully  released 
condition),  is  determined  by  the  relative  tooth 
counts  of  the  sun  gear  1  3  and  the  ring  gear  1  4  by  20 
the  expressions  Rr  =  1/(1  +  Rg)  and  Rf  =  Rg(1  + 
Rg),  where  Rr  is  the  rear  wheel  distribution  ratio, 
Rf  is  the  front  wheel  distribution  ratio,  and  Rg  is 
the  ratio  of  the  number  of  teeth  on  the  sun  gear 
13  to  the  number  of  teeth  on  the  ring  gear  14.  25 
Because  the  number  of  teeth  on  the  sun  gear  1  3 
is  naturally  greater  than  the  number  of  teeth  on 
the  ring  gear  14,  thus,  providing  that  the  number 
of  teeth  on  the  sprocket  wheel  18  and  the  number 
of  teeth  on  the  sprocket  wheel  19  are  the  same,  30 
and  the  gearing  ratios  of  the  differential  devices 
for  the  front  pair  of  vehicle  wheels  and  for  the  rear 
pair  of  vehicle  wheels  are  the  same,  this  four 
wheel  drive  power  transfer  device  3  is  of  the  type 
which  distributes  a  larger  amount  of  torque  to  the  35 
rear  vehicle  wheels  than  to  the  front  vehicle 
wheels.  And  it  should  be  particularly  noted  that,  in 
this  particular  exemplary  power  train,  the  center 
differential  device  10  is  constructed  with  a  plane- 
tary  gearing  ratio  such  that  said  center  differential  40 
device  10  provides  a  torque  distribution  ratio  be- 
tween  the  front  vehicle  wheels  and  the  rear  vehi- 
cle  wheels  which  corresponds  to  the  ratio  of  dis- 
tribution  of  vehicle  weight  between  said  front  ve- 
hicle  wheels  and  said  rear  vehicle  wheels  at  the  45 
moment  of  starting  off  of  the  vehicle  from  rest, 
when  said  vehicle  is  being  subjected  to  maximum 
acceleration. 

Within  the  four  wheel  drive  power  transfer  de- 
vice  3  there  is  provided  a  hydraulically  operated  50 
wet  type  clutch  21,  which  selectively  rotationally 
connects  together  the  sun  gear  13  and  the  ring 
gear  14,  either  completely  or  partially,  or  alternati- 
vely  allows  said  members  to  rotate  freely  with 
respect  to  one  another.  This  wet  clutch  21,  the  55 
construction  and  the  actuation  of  which  will  be 
explained  in  some  detail  shortly,  is  selectively 
operated  to  a  greater  or  lesser  engagement  ex- 
tent  (this  expression  relates  to  the  maximum 
torque  transmission  capability  of  said  wet  clutch  60 
21)  by  supply  of  actuating  hydraulic  fluid  pressure 
of  a  greater  or  lesser  pressure  value  from  an 
electrically  actuated  electric/hydraulic  control  de- 
vice  22,  an  exemplary  construction  for  which  will 
be  outlined  hereinafter.  Accordingly,  the  four  65 

10 

wheel  drive  power  transfer  device  3,  which  re- 
ceives  rotational  power  input  from  the  gear  trans- 
mission  mechanism  7  and  outputs  said  rotational 
power  to  the  rear  wheel  power  output  shaft  15 
and  to  the  front  wheel  power  output  shaft  1  7,  can 
be  caused  either  to  provide  (in  the  case  that  the 
wet  clutch  21  is  fully  disengaged)  substantially 
free  differential  action  for  distributing  said  rotatio- 
nal  power  between  said  rear  wheel  power  output 
shaft  15  and  said  front  wheel  power  output  shaft 
17,  or  not  to  provide  (in  the  case  that  the  wet 
clutch  21  is  fully  engaged)  any  such  differential 
action  at  all  and  just  to  drive  said  shafts  1  5  and 
17  independently,  or  to  provide  (in  the  case  that 
the  wet  clutch  21  is  partially  but  not  fully  enga- 
ged)  a  condition  intermediate  between  these  two 
extreme  conditions,  so  as  to  partly  allow  the  cen- 
ter  differential  device  10  to  provide  its  differential 
action  for  distributing  said  rotational  power  be- 
tween  said  rear  wheel  power  output  shaft  1  5  and 
said  front  wheel  power  output  shaft  17  to  some 
extent,  while  being  somewhat  impeded  by  the 
dragging  action  of  the  clutch  21  ,  up  to  a  certain 
maximum  dragging  action  amount,  which  is  deter- 
mined  by  the  maximum  torque  transmission  ca- 
pacity  of  said  wet  clutch  21  in  the  particular  ope- 
rational  circumstances. 

Via  a  universal  joint  23  of  a  perse  known  sort, 
the  rear  end  of  the  rear  wheel  power  output  shaft 
1  5  rotationally  drives  the  front  end  of  a  rear  wheel 
propeller  shaft  24.  And  the  rear  end  of  this  rear 
wheel  propeller  shaft  24  is  connected  via  another 
universal  joint  (not  particularly  shown)  to  a  diffe- 
rential  device,  (not  particularly  shown  either),  for 
driving  the  rear  wheels  (also  not  shown)  of  the 
vehicle. 

And,  via  a  universal  joint  25  also  of  a  per  se 
known  sort,  the  front  end  of  the  front  wheel  power 
output  shaft  17  rotationally  drives  the  rear  end  of 
a  front  wheel  propeller  shaft  26.  Thus,  this  front 
wheel  propeller  shaft  26  extends  alongside  and 
generally  below  the  casing  6  of  the  automatic 
speed  change  device  2  including  the  fluid  torque 
converter  5  therein,  roughly  parallel  to  the  longitu- 
dinal  axis  thereof  and  on  one  side  thereof.  The 
front  end  of  this  front  wheel  propeller  shaft  26  is 
rotationally  connected,  via  another  universal  joint 
27  also  of  a  per  se  known  sort,  via  a  short  inter- 
mediate  shaft  28  which  is  supported  from  the 
torque  converter  casing  by  means  of  a  bearing 
assembly,  and  via  yet  another  universal  joint  also 
of  a  per  se  known  sort,  to  the  outer  end  of  a  drive 
pinion  shaft  31  which  constitutes  the  power  input 
shaft  of  a  front  differential  device  30  which  drives 
the  front  wheels  (not  shown)  of  the  vehicle.  And 
this  drive  pinion  shaft  31  is  also  rotatably  suppor- 
ted  at  its  intermediate  portion  from  the  casing  32 
of  the  front  differential  device  30  (this  casing  32  is 
integrally  formed  with  the  oil  pan  of  the  internal 
combustion  engine  1),  and  the  inner  end  of  this 
drive  pinion  shaft  31  is  provided  with  a  drive  pi- 
nion  33  which  is  constituted  as  a  bevel  gear,  with 
said  drive  pinion  33  being  meshingly  engaged 
with  a  driven  ring  gear  34  of  the  front  differential 
device  30-. 
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Operation  of  this  Power  Train 

This  vehicle  power  train  operates  as  follows. 
When  the  clutch  21  of  the  four  wheel  drive  power 
transfer  device  3  is  operated  by  the  electrically  5 
actuated  electric/hydraulic  control  device  22  so 
as  not  at  all  to  rotationally  connect  together  the 
sun  gear  13  and  the  ring  gear  14,  then  the  center 
differential  device  10  functions  so  as  to  provide  its 
differential  effect  between  the  rear  wheel  power  10 
output  shaft  1  5  and  the  intermediate  front  wheel 
drive  shaft  17  in  full  measure,  i.e.  so  as  to  receive 
rotational  power  provided  by  the  engine  1  of  the 
vehicle  and  transmitted  to  said  four  wheel  drive 
power  transfer  device  3  via  the  automatic  speed  15 
change  device  2,  and  to  distribute  said  rotational 
power,  while  providing  a  non  damped  differential 
effect,  between  the  rear  wheels  of  the  vehicle  ta- 
ken  as  a  combination  and  the  front  wheels  of  the 
vehicle  taken  as  a  combination.  On  the  other  20 
hand,  when  the  clutch  21  of  the  four  wheel  drive 
power  transfer  device  3  is  operated  by  the  electri- 
cally  actuated  electric/hydraulic  control  device  22 
so  as  to  completely  rotationally  connect  together 
the  sun  gear  13  and  the  ring  gear  14,  i.e.  so  as  to  25 
provide  an  effectively  unlimited  degree  of  torque 
transmission,  then  the  center  differential  device 
10  functions  so  as  to  provide  no  such  differential 
effect  at  all  between  the  rear  wheel  power  output 
shaft  13  and  the  intermediate  front  wheel  drive  30 
shaft  14,  i.e.  so  as  to  distribute  the  rotational  po- 
wer  provided  from  the  engine  1  via  the  automatic 
speed  change  device  2  directly  to  the  rear  wheels 
24  of  the  vehicle  taken  as  a  combination  and  also 
to  the  front  wheels  8  of  the  vehicle  taken  as  a  35 
combination  in  an  even  fashion  without  any  provi- 
sion  of  any  differential  effect  at  all.  And,  in  the 
intermediate  case  between  these  two  extremes, 
when  said  clutch  21  of  said  four  wheel  drive  po- 
wer  transfer  device  3  is  operated  by  said  electri-  40 
cally  actuated  electric/hydraulic  control  device  22 
so  as  somewhat  to  rotationally  connect  together 
said  sun  gear  13  and  said  ring  gear  14,  i.e.  so  as 
to  provide  a  certain  relatively  limited  degree  of 
dragging  or  torque  transmitting  effect  between  45 
these  members,  then  said  center  differential  devi- 
ce  10  functions  so  as  to  provide  its  differential 
effect  between  said  rear  wheel  power  output  shaft 
15  and  said  intermediate  front  wheel  drive  shaft 
1  7  to  a  relatively  limited  or  partial  degree,  i.e.  so  50 
as  to  receive  rotational  power  provided  by  said 
engine  1  of  said  vehicle  and  transmitted  to  said 
four  wheel  drive  power  transfer  device  3  via  said 
automatic  speed  change  device  2,  and  to  distribu- 
te  said  rotational  power,  while  providing  a  partially  55 
damped  differential  effect,  between  said  rear 
wheels  of  said  vehicle  taken  as  a  combination 
and  said  front  wheels  of  said  vehicle  taken  as  a 
combination. 

60 

The  Central  Differential  Control  Clutch  21  and 
its  Actuating  System 

In  Fig.  2,  there  is  shown  a  schematic  partly  cross  65 

sectional  view  of  the  central  differential  control 
clutch  21  of  the  four  wheel  drive  power  transfer 
device  3,  and  of  an  actuating  system  including  a 
servo  device  35  for  said  clutch  21  ,  as  incorpora- 
ted  in  the  shown  central  differential  operation  re- 
striction  device,  to  which  the  first  preferred  embo- 
diment  of  the  control  method  therefor  of  the  pre- 
sent  invention  is  applied;  however,  this  particular 
arrangement  should  not  be  taken  as  unduly  limit- 
ative  of  the  present  invention,  as  other  possibili- 
ties  for  these  structures  could  also  be  implemen- 
ted,  in  alternative  constructions.  In  this  figure,  the 
central  differential  control  clutch  21  is  shown  as 
being  a  hydraulic  servo  type  wet  clutch,  compri- 
sing  two  sets  of  mutually  interleaved  and  sandwi- 
ched  together  clutch  plates,  one  of  said  clutch 
plates  sets  being  rotationally  fixed  with  respect  to 
the  sun  gear  13  of  the  center  differential  device 
10,  while  the  other  said  set  of  clutch  plates  are 
rotationally  fixed  with  respect  to  the  ring  gear  14 
of  said  center  differential  device  10.  Thus,  when 
the  sets  of  clutch  plates  are  squeezed  together  by 
the  servo  device  70  as  will  be  explained  in  detail 
shortly,  torque  transmission  between  the  sun  ge- 
ar  13  and  the  ring  gear  14  of  the  center  differenti- 
al  device  10  is  provided  in  a  degree  correspon- 
ding  to  the  degree  of  squeezing  together  of  said 
sets  of  clutch  plates,  i.e.  in  a  degree  correspon- 
ding  to  the  total  force  acting  to  squeeze  the  sand- 
wich  of  said  sets  of  clutch  plates  together. 

The  servo  device  35  provided  for  thus  pres- 
sing  and  squeezing  together  said  sets  of  clutch 
plates  comprises  a  pressure  chamber  35  and  a 
servo  piston  37,  all  of  these  members  and  cham- 
bers  being  annular.  The  servo  piston  37  confronts 
the  sandwiched  together  sets  of  clutch  plates,  for 
opposing  said  clutch  plate  sets  and  for  pressing 
them  together,  when  said  servo  piston  is  biased 
in  the  direction  towards  said  clutch  plate  sets 
(rightwards  in  Fig.  2).  And,  when  the  pressure 
chamber  36  is  pressurized  with  hydraulic  fluid,  it 
presses  the  servo  piston  37  against  the  clutch 
plate  sets  66  and  68  and  squeezes  them  toge- 
ther.  A  spring  38,  which  in  fact  is  an  annular 
spring,  and  which  bears  upon  a  spring  retainer 
member,  is  provided  for  biasing  said  servo  piston 
37  in  the  leftwards  direction  as  seen  in  Fig.  2,  so 
as  to  reduce  the  size  of  the  pressure  chamber  36. 
Thereby,  when  no  substantial  hydraulic  fluid  pres- 
sure  is  supplied  to  said  pressure  chamber  36, 
under  the  biasing  action  of  the  spring  38  the  ser- 
vo  piston  37  is  biased  in  the  leftwards  direction  as 
seen  in  the  drawing,  so  as  to  not  substantially 
compress  the  superposed  sandwich  of  the  clutch 
plate  sets  and  thus  to  let  said  clutch  plate  sets  be 
not  substantially  mutually  engaged;  and,  thereby, 
no  substantial  degree  of  torque  transmission  be- 
tween  the  sun  gear  13  and  the  ring  gear  14  of  the 
center  differential  device  10  is  provided.  On  the 
other  hand,  when  a  substantial  degree  of  hydrau- 
lic  fluid  pressure  is  supplied  to  the  pressure 
chamber  36,  the  servo  piston  37  is  biased, 
against  the  biasing  action  of  the  spring  38  which 
is  overcome,  in  the  rightwards  direction  as  seen 
in  the  drawing,  so  that  said  servo  piston  37 
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presses  against  and  compresses  the  superposed 
sandwich  of  the  clutch  plate  sets  with  a  force  de- 
termined  according  to  the  magnitude  of  the  pres- 
sure  value  supplied  to  said  pressure  chamber  36, 
thereby  causing  said  clutch  plate  sets  to  be  mu- 
tually  engaged  together  with  a  torque  transmis- 
sion  capability  determined  according  to  said  ma- 
gnitude  of  said  pressure  value  supplied  to  said 
pressure  chamber  36;  and,  thereby,  torque  trans- 
mission  between  the  sun  gear  13  and  the  ring 
gear  14  of  the  center  differential  device  10  is  pro- 
vided,  similarly  with  a  magnitude  determined  ac- 
cording  to  the  magnitude  of  the  pressure  value 
supplied  to  the  pressure  chamber  36. 

The  electrically  actuated  electric/hydraulic 
control  device  22,  to  define  its  action  in  a  functio- 
nal  sense,  supplies  a  hydraulic  fluid  pressure  of 
any  desired  pressure  level  from  substantially  zero 
up  to  line  pressure  to  the  pressure  chamber  36  of 
this  servo  device  35,  according  to  the  value  of  an 
electrical  control  signal  supplied  to  it;  this  electric 
signal  may  be  a  pulse  signal,  and  the  duty  ratio  of 
said  pulse  signal  may  control  the  pressure  sup- 
plied  said  pressure  chamber  36  of  the  servo  de- 
vice  35,  for  example.  Thus,  by  varying  the  value 
of  said  electrical  signal,  it  is  possible  to  vary  the 
degree  of  torque  transmission  between  the  sun 
gear  13  and  the  ring  gear  14  of  the  center  diffe- 
rential  device  10  between  substantially  zero  and 
a  substantially  maximum  value.  In  the  suggested 
exemplary  construction  shown  in  Fig.  2,  the  elec- 
trically  actuated  electric/hydraulic  control  device 
22  comprises  a  electromagnetically  actuated  hy- 
draulic  switching  valve  41  ,  which  receives  supply 
at  its  port  designated  in  the  figure  as  "b"  of  hy- 
draulic  fluid  pressurized  by  a  pressure  pump  39 
(incorporated  in  the  automatic  transmission  2) 
and  pressure  regulated  by  a  pressure  regulator 
valve  40,  whose  port  designated  in  the  figure  as 
"a"  is  connected  to  the  pressure  chamber  36  of 
the  servo  device  75  for  supplying  pressurized  hy- 
draulic  fluid  thereto,  and  whose  port  designated  in 
the  figure  as  "c"  is  connected  to  a  drain.  This 
electromagnetically  actuated  hydraulic  switching 
valve  41  is  so  constituted  that  when  actuating 
electrical  energy  is  supplied  to  a  solenoid  or  the 
like  incorporated  therein  it  communicates  its  port 
"a"  to  its  port  "b"  while  not  communicating  its  port 
"c"  to  any  other  port;  on  the  other  hand,  when  no 
such  actuating  electrical  energy  is  supplied  to 
said  solenoid  or  the  like  of  said  electromagneti- 
cally  actuated  hydraulic  switching  valve  41,  it 
communicates  its  port  "a"  to  its  port  "c"  while  not 
communicating  its  port  "b"  to  any  other  port.  The- 
reby,  by  the  electromagnetically  actuated  hydrau- 
lic  switching  valve  41  being  supplied  with  a  pulse 
type  electrical  signal,  said  electromagnetically  ac- 
tuated  hydraulic  switching  valve  41  supplies  a 
pressure  value  to  the  pressure  chamber  36  of  the 
servo  device  75  which  is  determined  according  to 
the  duty  ratio  of  said  pulse  electrical  signal.  This 
controlling  pulse  electrical  signal  is  supplied  from 
a  transmission  control  device  45,  now  to  be  ex- 
plained. 

The  Transmission  Control  System 

Referring  to  Fig.  1  ,  it  will  be  seen  that  the  follo- 
wing  detectors  and  sensors  are  provided  to  this 

5  system.  A  rear  wheels  rotational  speed  sensor 
46r  detects  a  value  representative  of  the  rotatio- 
nal  speed  of  the  rear  wheels  of  the  vehicle  by 
measuring  the  rotational  speed  of  a  member  rota- 
tionaliy  coupled  to  the  rear  wheel  power  output 

10  shaft  15,  or  the  like,  and  outputs  an  electrical 
signal  representative  thereof.  A  front  wheels  rota- 
tional  speed  sensor  46f  detects  a  value  repre- 
sentative  of  the  rotational  speed  of  the  front  whe- 
els  of  the  vehicle  by  measuring  the  rotational  spe- 

15  ed  of  a  member  rotationally  coupled  to  the  front 
wheel  power  output  shaft  17,  or  the  like,  and  out- 
puts  an  electrical  signal  representative  thereof.  A 
throttle  position  sensor  47  detects  a  value  repre- 
sentative  of  the  current  load  on  the  internal  com- 

20  bustion  engine  1  by  measuring  the  opening  angle 
of  the  throttle  valve  (not  particularly  shown)  of  a 
carburetor  (not  shown  either)  of  said  engine  1, 
and  outputs  an  electrical  signal  representative 
thereof.  And  a  set  range  sensor  48  detects  the 

25  set  position  of  a  manual  range  setting  valve  which 
is  provided  for  the  transmission  mechanism  2,  or 
of  a  setting  means  therefor,  and  outputs  an  elec- 
trical  signal  representative  thereof;  this  manual 
range  setting  valve  is  not  particularly  shown  in  the 

30  figures,  but  said  setting  means  therefor  is  provi- 
ded  in  the  passenger  compartment  of  the  vehicle 
so  as  to  be  readily  accessible  to  the  driver  of  the 
vehicle,  and  can  be  set  to  any  one  of  a  number  of 
set  positions  corresponding  to  various  operational 

35  ranges  for  the  transmission  mechanism  2  such  as 
"D"  range,  "2"  range,  "L"  range,  "R"  range,  "N" 
range,  and  "P"  range.  The  output  signals  of  these 
four  sensors  46r,  46f,  47,  and  48  are  fed  to  a 
transmission  control  device  45. 

40  This  transmission  control  device  45  outputs 
control  signals  for  controlling  the  electric/hydraulic 
control  device  22  for  the  four  wheel  drive  power 
transfer  device  3  and  the  electrical/hydraulic 
control  mechanism  9  for  the  gear  transmission 

45  mechanism  7,  according  to  principles  which  incor- 
porate  the  concept  of  the  first  preferred  embodi- 
ments  of  the  vehicle  central  differential  operation 
restriction  device  control  device  and  method  of 
the  present  invention,  as  will  be  explained  herei- 

50  natter.  No  concrete  illustration  of  the  structure  of 
any  particular  realization  of  the  transmission 
control  device  45  will  be  given  herein,  since  va- 
rious  possibilities  for  the  details  thereof  can  be 
easily  supplemented  by  one  of  ordinary  skill  in  the 

55  electronic  and  computer  programming  art  based 
upon  the  functional  disclosures  set  out  in  this 
specification.  In  the  preferred  embodiments  of  the 
device  and  the  method  of  the  present  invention, 
the  transmission  control  device  45  is  concretely 

60  realized  as  a  micro  computer  and  its  associated 
circuitry,  said  micro  computer  operating  at  the  be- 
hest  of  a  control  program  which  will  not  be  com- 
pletely  detailed,  since  the  details  thereof  which 
are  not  disclosed  herein  can  likewise  be  easily 

65  supplemented  by  one  of  ordinary  skill  in  the  elec- 
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tronic  and  computer  programming  art  based  upon 
the  functional  disclosures  set  out  in  this  specifica- 
tion.  However,  it  should  be  particularly  unders- 
tood  that  such  realizations  in  the  micro  computer 
form,  although  preferred,  are  not  the  only  ways  in  5 
which  the  transmission  control  device  45  can  be 
provided;  in  other  possible  embodiments  it  could 
be  constituted  as  an  electrical  device  not  incorpo- 
rating  a  microprocessor.  In  the  preferred  case, 
however,  such  a  microprocessor  will  typically  10 
comprise:  a  CPU  (central  processing  unit)  which 
obeys  said  control  program  to  be  described  short- 
ly  and  which  inputs  data,  performs  calculations, 
and  outputs  data;  a  ROM  (read  only  memory) 
which  stores  said  program  to  be  described  shortly  15 
and  initialization  data  therefor  and  so  on;  and  a 
RAM  (random  access  memory)  which  stores  the 
results  of  certain  intermediate  calculations  and 
data  and  so  on;  and  these  devices  together  will 
constitute  a  logical  calculation  circuit,  being  joined  20 
together  by  a  common  bus  which  also  links  them 
to  an  input  port  and  an  output  port  which  together 
perform  input  and  output  for  the  system.  And  the 
system  will  typically  also  include  buffers  for  the 
electrical  signals  outputted  from  the  various  sen-  25 
sors  and  switches  46  through  48  to  the  input  port 
device,  and  drive  circuits  through  which  actuating 
electrical  signals  are  passed  from  the  output  port 
device  to  a  speed  change  control  solenoid  or  so- 
lenoids  of  the  electrical/hydraulic  control  mecha-  30 
nism  9  for  controlling  the  automatic  speed  change 
device  2  and  to  the  solenoid  or  the  like  of  the 
electromagnetically  actuated  hydraulic  switching 
valve  41  of  the  electric/hydraulic  control  device  22 
for  controlling  the  torque  transmission  capacity  of  35 
the  clutch  21  of  the  four  wheel  drive  power  trans- 
fer  device  3  by  supplying  appropriate  hydraulic 
fluid  pressure  to  the  pressure  chamber  36.  It 
should  be  understood  that  the  transmission 
control  device  45  generally  functions  so  as  to  en-  40 
gage  an  appropriate  one  of  the  various  speed 
stages  of  the  gear  transmission  mechanism  7  of 
the  transmission  mechanism  2  according  to  the 
current  values  of  various  vehicle  operating  para- 
meters  such  as  the  vehicle  road  speed  as  sensed  45 
by  one  or  another  or  both  of  the  rear  wheels  rota- 
tional  speed  sensor  46r  and  the  front  wheels  rota- 
tional  speed  sensor  46f,  the  engine  load  (throttle 
opening)  as  sensed  by  the  throttle  position  sensor 
47,  and  the  operating  range  of  the  transmission  SO 
as  manually  set  by  the  vehicle  driver  on  the  set- 
ting  means  therefor  as  sensed  by  the  set  range 
sensor  48,  such  a  transmission  shift  stage  selec- 
tion  function  may  be  performed  in  a  per  se 
conventional  way,  and  no  particular  details  the-  55 
reof  will  be  shown  or  suggested  in  this  specifica- 
tion,  since  various  possibilities  for  the  details  the- 
reof  can  be  easily  supplemented  as  appropriate 
by  one  of  ordinary  skill  in  the  transmission  control 
and  the  programming  arts,  particularly  when  ba-  60 
sed  upon  the  functional  disclosures  set  out  in  this 
specification.  Further,  said  transmission  control 
device  45  generally  functions  as  will  now  be  ex- 
plained,  so  as  to  control  the  torque  transmission 
capacity  of  the  clutch  21  of  the  center  differential  65 

device  10  of  the  four  wheel  drive  power  transfer 
device  3,  according  to  the  current  values  of  the 
rotational  speed  of  the  rear  vehicle  wheels  as 
sensed  by  the  rear  wheels  rotational  speed  sen- 
sor  46r  and  the  rotational  speed  of  the  front  vehi- 
cle  wheels  as  sensed  by  the  front  wheels  rotatio- 
nal  speed  sensor  46f;  in  particular,  according  to 
the  difference  between  said  rear  and  front  wheels 

.  rotational  speeds. 

The  Control  According  to  the  First  Method 
Embodiment 

In  detail,  when  the  absolute  value  of  the  differen- 
ce  deltaN  between  the  rotational  speed  of  the 
rear  vehicle  wheels  and  the  rotational  speed  of 
the  front  vehicle  wheels  is  not  greater  than  a  cer- 
tain  threshold  value  deltaNset,  then  the  maximum 
torque  transmission  capacity  Tc  of  the  clutch  21 
of  the  center  differential  device  10  of  the  four 
wheel  drive  power'  transfer  device  3  is,  over  a 
period  of  time,  diminished  by  successive  relative- 
ly  small  steps  until  it  reaches  substantially  zero; 
whereas,  on  the  other  hand,  when  said  absolute 
value  of  the  difference  deltaN  between  the  rota- 
tional  speed  of  the  rear  vehicle  wheels  and  the 
rotational  speed  of  the  front  vehicle  wheels  is 
greater  than  said  certain  threshold  value  deltaN- 
set,  then  the  maximum  torque  transmission  capa- 
city  Tc  of  the  clutch  21  of  the  center  differential 
device  1  0  of  the  four  wheel  drive  power  transfer 
device  3  is,  over  a  period  of  time,  increased  by 
successive  relatively  small  steps,  until  its  increa- 
se  naturally  curbs  said  absolute  value  of  the  diffe- 
rence  deltaN  between  the  rotational  speed  of  the 
rear  vehicle  wheels  and  the  rotational  speed  of 
the  front  vehicle  wheels.  In  other  words,  at  this 
time,  a  steady  state  value  is  reached  for  said  ab- 
solute  value  of  the  difference  deltaN  between  the 
rotational  speed  of  the  rear  vehicle  wheels  and 
the  rotational  speed  of  the  front  vehicle  wheels, 
by  a  feedback  process. 

Fig.  3  shows  a  fragmentary  flow  chart  for  a 
portion  of  the  aforementioned  control  program 
which  directs  the  operation  of  the  transmission 
control  device  45,  according  to  a  four  wheel  drive 
vehicle  central  differential  operation  restriction  de- 
vice  control  device,  so  as  to  realize  the  first  pre- 
ferred  embodiment  of  the  four  wheel  drive  vehicle 
central  differential  operation  restriction  device 
control  method  of  the  present  invention.  This  flow 
chart  will  now  be  explained;  no  particular  pro- 
gramming  steps  for  implementing  said  flow  chart 
are  shown  or  suggested  in  this  specification, 
since  various  possibilities  for  the  details  thereof 
can  be  easily  supplemented  as  appropriate  by 
one  of  ordinary  skill  in  the  programming  art,  parti- 
cularly  when  based  upon  the  functional  disclo- 
sures  set  out  in  this  specification.  The  flow  chart 
of  Fig.  3  only  shows  the  portion  of  the  control 
program  of  the  transmission  control  device  45 
which  controls  the  supply  of  actuating  hydraulic 
fluid  pressure  to  the  clutch  21  of  the  center  diffe- 
rential  device  10  of  the  four  wheel  drive  power 
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transfer  device  3,  i.e.  to  the  electrically  actuated 
electric/hydraulic  control  device  22,  and  further 
only  shows  this  process  in  schematic  form;  said 
Fig.  3  flow  chart  therefore  does  not  show  the  por- 
tion  of  said  control  program  relating  to  the  control  5 
provided  for  the  gear  transmission  mechanism  7 
of  the  transmission  mechanism  2.  This  fragment 
will  be  sufficient  for  exemplifying  the  principles  of 
the  present  invention.  This  program  portion  is 
executed  at  regular  intervals  of  for  example  a  few  10 
milliseconds,  of  course  after  the  engine  1  is  star- 
ted  as  the  vehicle  incorporating  it  is  driven. 

In  this  flow  chart,  first  an  absolute  value  is 
calculated  for  the  difference  deltaN  between  the 
rotational  speed  of  the  rear  vehicle  wheels  and  15 
the  rotational  speed  of  the  front  vehicle  wheels, 
and  then  a  decision  is  made  as  to  whether  said 
rotational  speed  difference  absolute  value  is 
greater  than  the  threshold  value  deltaNset,  or  not. 
If  in  fact  said  rotational  speed  difference  absolute  20 
value  is  greater  than  said  threshold  value  deltaN- 
set,  then  the  flow  of  control  passes  through  a  step 
which  increases  the  maximum  torque  transmis- 
sion  capacity  Tc  of  the  clutch  21  of  the  center 
differential  device  10  of  the  four  wheel  drive  po-  25 
wer  transfer  device  3  by  a  determinate  relatively 
small  amount  deltaTc,  by  appropriately  controlling 
the  duty  ratio  of  the  pulse  electrical  signal  which 
is  supplied  by  the  transmission  control  device  45 
to  the  solenoid  or  the  like  of  the  electromagneti-  30 
cally  actuated  hydraulic  switching  valve  41  ,  there- 
by  controlling  the  value  of  the  hydraulic  fluid  pres- 
sure  supplied  to  the  chamber  36  of  the  servo  de- 
vice  35  for  said  clutch  21;  while,  on  the  other 
hand,  if  in  fact  said  rotational  speed  difference  35 
absolute  value  is  not  greater  than  said  threshold 
value  deltaNset,  then  the  flow  of  control  passes 
through  a  different  step  which  decreases  said 
maximum  torque  transmission  capacity  Tc  of  the 
clutch  21  of  the  center  differential  device  1  0  of  the  40 
four  wheel  drive  power  transfer  device  3  by,  in 
this  first  preferred  embodiment,  the  same  deter- 
minate  relatively  small  amount  deltaTc,  again  by 
appropriately  controlling  the  duty  ratio  of  said 
pulse  electrical  signal  which  is  supplied  by  the  45 
transmission  control  device  45  to  the  solenoid  or 
the  like  of  the  electromagnetically  actuated  hy- 
draulic  switching  valve  41  .  And,  by  the  repeated 
performance  of  the  Fig.  3  program  fragment  at 
regular  and  relatively  brief  intervals,  the  maximum  50 
torque  transmission  capacity  Tc  of  the  clutch  21 
is  relatively  quickly  brought  to  a  steady  state  va- 
lue.  The  graph  of  Fig.  4  shows  along  the  vertical 
axis  the  magnitude  of  this  steady  state  maximum 
torque  transmission  capacity  which  is  thus  cau-  55 
sed  to  be  provided  between  the  clutch  plate  sets 
of  the  clutch  21  by  their  being  squeezed  together 
by  the  pressure  of  the  piston  37  against  them, 
and  shows  along  the  horizontal  axis  the  magni- 
tude  of  the  absolute  value  of  the  difference  deltaN  60 
between  the  rotational  speed  of  the  rear  vehicle 
wheels  and  the  rotational  speed  of  the  front  vehi- 
cle  wheels. 

In  other  words,  when  the  absolute  value  of  the 
difference  deltaN  between  the  rotational  speed  of  65 

the  rear  vehicle  wheels  and  the  rotational  speed 
of  the  front  vehicle  wheels  is  not  greater  than  said 
threshold  value  deltaNset  therefor,  then  the  maxi- 
mum  torque  transmitting  capacity  of  the  clutch  21 
is  steadily  reduced  until  it  is  substantially  zero,  in 
other  words  until  said  clutch  21  is  substantially 
disengaged.  In  this  operational  situation,  the  cen- 
ter  differential  device  1  0  is  allowed  to  substantial- 
ly  freely  carry  out  its  differential  action,  so  that  the 
occurrence  of  the  so  called  tight  corner  braking 
phenomenon  is  avoided,  and  the  occurrence  of 
the  screwing  up  torque  phenomenon  during  star- 
ting  off  of  the  vehicle  from  rest  is  also  positively 
avoided. 

On  the  other  hand,  when  said  absolute  value 
of  said  difference  deltaN  between  the  rotational 
speed  of  the  rear  vehicle  wheels  and  the  rotatio- 
nal  speed  of  the  front  vehicle  wheels  is  greater 
than  said  threshold  value  deltaNset  therefor,  then 
the  maximum  torque  transmitting  capacity  of  the 
clutch  21  is  steadily  increased  by  the  amount  del- 
taTc,  so  that  the  operation  of  the  center  differen- 
tial  device  10  is  steadily  and  progressively  more 
and  more  restricted  by  the  gradually  increasing 
engagement  of  the  clutch  21.  In  this  operational 
situation,  the  center  differential  device  10  is  more 
and  more  inhibited  from  carrying  out  its  differen- 
tial  action,  so  that  it  becomes  progressively 
locked  up  and  the  operational  state  of  the  vehicle 
progressively  approaches  the  so  called  direct 
drive  state  in  which  the  rotation  of  the  front 
wheels  and  the  rotation  of  the  rear  wheels  are 
directly  coupled  together.  Thereby,  along  with  the 
difference  deltaN  between  the  rotational  speed  of 
the  rear  vehicle  wheels  and  the  rotational  speed 
of  the  front  vehicle  wheels  being  progressively 
diminished,  the  drive  characteristics  of  the  vehicle 
are  progressively  improved,  and  the  poor  road 
condition  trailblazability  of  the  vehicle  is  also  im- 
proved. 

It  should  also  be  noted  that,  once  the  absolute 
value  of  the  difference  deltaN  between  the  rota- 
tional  speed  of  the  rear  vehicle  wheels  and  the 
rotational  speed  of  the  front  vehicle  wheels  rises 
above  the  threshold  value  deltaNset  therefor, 
even  when  subsequently  said  absolute  value  of 
said  difference  deltaN  between  the  rotational 
speed  of  the  rear  vehicle  wheels  and  the  rotatio- 
nal  speed  of  the  front  vehicle  wheels  later  drops 
below  said  threshold  value  deltaNset  therefor 
again,  the  maximum  torque  transmitting  capacity 
of  the  clutch  21  is  not  immediately  reduced  to 
zero,  but  instead  said  maximum  torque  transmit- 
ting  capacity  of  said  clutch  21  is  reduced  to  zero 
over  a  certain  time  period,  progressively  by  suc- 
cessive  steps  each  of  magnitude  deltaTc.  By  this 
means,  the  occurrence  of  the  so  called  hunting 
phenomenon  is  avoided. 

The  Transmission  Control  System  in  the  Se- 
cond  Preferred  Embodiment 

Referring  now  to  Fig.  5,  which  is  a  figure  similar 
to  Fig.  1  relating  to  the  first  preferred  method  em- 
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specification.  Again,  in  the  second  preferred  em- 
bodiment  of  a  method  of  the  present  invention, 
the  transmission  control  device  45  is  concretely 
realized  as  a  micro  computer  and  its  associated 
circuitry,  said  micro  computer  operating  at  the  be- 
hest  of  a  control  program  which  will  not  be  com- 
pletely  particularly  detailed,  since  many  of  the  de- 
tails  thereof  can  likewise  be  easily  supplemented 
by  one  of  ordinary  skill  in  the  electronic  and  com- 
puter  programming  art  based  upon  the  functional 
disclosures  set  out  in  this  specification.  However, 
as  before,  it  should  be  particularly  understood 
that  such  realizations  in  the  micro  computer  form, 
although  preferred,  are  not  the  only  ways  in  which 
the  transmission  control  device  45  can  be  provi- 
ded;  in  other  possible  embodiments  it  could  be 
constituted  as  an  electrical  device  not  incorpora- 
ting  a  microprocessor.  In  the  preferred  case,  as 
before,  this  microprocessor  will  typically  com- 
prise:  a  CPU  (central  processing  unit)  which 
obeys  said  control  program  to  be  described  short- 
ly  and  which  inputs  data,  performs  calculations, 
and  outputs  data;  a  ROM  (read  only  memory) 
which  stores  said  program  to  be  described  shortly 
and  initialization  data  therefor  and  so  on;  and  a 
RAM  (random  access  memory)  which  stores  the 
results  of  certain  intermediate  calculations  and 
data  and  so  on;  and  these  devices  together  will 
constitute  a  logical  calculation  circuit,  being  joined 
together  by  a  common  bus  which  also  links  them 
to  an  input  port  and  an  output  port  which  together 
perform  input  and  output  for  the  system.  And  the 
system  will  typically  also  include  buffers  for  the 
electrical  signals  outputted  from  the  various  sen- 
sors  and  switches  46r/f  through  49  to  the  input 
port  device,  and  drive  circuits  through  which  ac- 
tuating  electrical  signals  are  passed  from  the  out- 
put  port  device  to  a  speed  change  control  sole- 
noid  or  solenoids  of  the  electrical/hydraulic 
control  mechanism  9  for  controlling  the  automatic 
speed  change  device  2  and  to  a  control  solenoid 
or  the  like  of  the  electric/hydraulic  control  device 
22  for  controlling  the  torque  transmission  capacity 
of  the  clutch  21  of  the  four  wheel  drive  power 
transfer  device  3  by  supplying  appropriate  hy- 
draulic  fluid  pressure  to  its  pressure  chamber  36. 
It  should  be  understood  that,  as  before,  the  trans- 
mission  control  device  45  generally  functions  so 
as  to  engage  an  appropriate  one  of  the  various 
speed  stages  of  the  gear  transmission  mecha- 
nism  7  of  the  transmission  mechanism  2  accor- 
ding  to  the  current  values  of  various  vehicle  ope- 
rating  parameters  such  as  the  vehicle  road  speed 
as  sensed  by  one  or  another  or  both  of  the  rear 
wheels  rotational  speed  sensor  46r  and  the  front 
wheels  rotational  speed  sensor  46f,  the  engine 
load  (throttle  opening)  as  sensed  by  the  throttle 
position  sensor  47,  and  the  operating  range  of  the 
transmission  as  manually  set  by  the  vehicle  driver 
on  the  setting  means  therefor  as  sensed  by  the 
set  range  sensor  48;  such  a  transmission  shift 
stage  selection  function  may  be  performed  in  a 
perse  conventional  way,  and  no  particular  details 
thereof  will  be  shown  or  suggested  in  this  specifi- 
cation,  since  various  possibilities  for  the  details 

bodiment,  and  is  a  schematic  longitudinal  skele- 
ton  view  of  a  vehicle  power  train  (substantially  the 
same  as  the  Fig.  1  power  train)  and  of  a  control 
system  therefor  which  incorporates  a  vehicle  cen- 
tral  differential  operation  restriction  device  control  5 
device,  for  practicing  the  second  preferred  me- 
thod  embodiment:  it  will  be  seen  that  the  following 
detectors  and  sensors  are  provided  to  the  trans- 
mission  control  system,  in  this  case.  A  rear  whe- 
els  rotational  speed  sensor  46r  detects  a  value  10 
representative  of  the  rotational  speed  of  the  rear 
wheels  of  the  vehicle  by  measuring  the  rotational 
speed  of  a  member  rotationally  coupled  to  the 
rear  wheel  power  output  shaft  1  5,  or  the  like,  and 
outputs  an  electrical  signal  representative  thereof.  15 
A  front  wheels  rotational  speed  sensor  46f  de- 
tects  a  value  representative  of  the  rotational  spe- 
ed  of  the  front  wheels  of  the  vehicle  by  measuring 
the  rotational  speed  of  a  member  rotationally  cou- 
pled  to  the  front  wheel  power  output  shaft  17,  or  20 
the  like,  and  outputs  an  electrical  signal  repre- 
sentative  thereof.  A  throttle  position  sensor  47  de- 
tects  a  value  representative  of  the  current  load  on 
the  internal  combustion  engine  1  by  measuring 
the  opening  angle  of  the  throttle  valve  (not  parti-  25 
cularly  shown)  of  a  carburetor  (not  shown  either) 
of  said  engine  1  ,  and  outputs  an  electrical  signal 
representative  thereof.  A  set  range  sensor  48  de- 
tects  the  set  position  of  a  manual  range  setting 
valve  which  is  provided  for  the  transmission  me-  30 
chanism  2,  or  of  a  setting  means  therefor,  and 
outputs  an  electrical  signal  representative  thereof; 
again,  this  manual  range  setting  valve  is  not  parti- 
cularly  shown  in  the  figures,  but  said  setting  me- 
ans  therefor  is  provided  in  the  passenger  com-  35 
partment  of  the  vehicle  so  as  to  be  readily  acces- 
sible  to  the  driver  of  the  vehicle,  and  can  be  set  to 
any  one  of  a  number  of  set  positions  correspon- 
ding  to  various  operational  ranges  for  the  trans- 
mission  mechanism  2  such  as  "D"  range,  "2"  ran-  40 
ge,  "L"  range,  "R"  range,  "N"  range,  and  "P"  ran- 
ge.  And,  in  this  second  preferred  embodiment,  a 
steering  angle  sensor  49  detects  the  steering  an- 
gle  of  the  vehicle,  and  outputs  an  electrical  signal 
representative  thereof.  The  output  signals  of  the-  45 
se  five  sensors  46r,  46f,  47,  48,  and  49  are  fed  to 
the  transmission  control  device  45. 

This  transmission  control  device  45  outputs 
control  signals  for  controlling  the  electric/hydraulic 
control  device  22  for  the  four  wheel  drive  power  50 
transfer  device  3  and  for  controlling  the  electri- 
cal/hydraulic  control  mechanism  9  for  the  gear 
transmission  mechanism  7,  according  to  princi- 
ples  which  incorporate  the  concept  of  the  second 
preferred  embodiment  of  the  vehicle  central  diffe-  55 
rential  operation  restriction  device  control  device 
and  method  of  the  present  invention,  as  will  now 
be  explained.  It  should  be  understood  that,  as 
before,  no  concrete  illustration  of  the  structure  of 
any  particular  realization  of  the  transmission  60 
control  device  45  will  be  given  herein,  since  va- 
rious  possibilities  for  the  details  thereof  can  be 
easily  supplemented  by  one  of  ordinary  skill  in  the 
electronic  and  computer  programming  art  based 
upon  the  functional  disclosures  set  out  in  this  65 
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thereof  can  be  easily  supplemented  as  appro- priate  by  one  of  ordinary  skill  in  the  transmission 
control  and  the  programming  arts,  particularly 
when  based  upon  the  functional  disclosures  set 
out  in  this  specification.  Further,  said  transmis- 
sion  control  device  45  generally  functions  as  will 
now  be  explained,  so  as  to  control  the  torque 
transmission  capacity  of  the  clutch  21  of  the  cen- 
ter  differential  device  10  of  the  four  wheel  drive 
power  transfer  device  3,  according  to  the  current 
values  of  the  rotational  speed  of  the  rear  vehicle 
wheels  as  sensed  by  the  rear  wheels  rotational 
speed  sensor  46r  and  the  rotational  speed  of  the 
front  vehicle  wheels  as  sensed  by  the  front 
wheels  rotational  speed  sensor  46f,  and  of  the 
steering  angle  of  the  steering  system  of  the  vehi- 
cle  to  which  this  four  wheel  drive  control  system is  fitted,  as  sensed  by  the  steering  angle  sensor 
49. 

central  differential  operation  restriction  device 
control  device  of  the  present  invention,  so  as  to 
realize  the  second  preferred  embodiment  of  the 
four  wheel  drive  vehicle  central  differential  opera- 
tion  restriction  device  control  method  of  the  pre- sent  invention.  This  flow  chart  will  now  be  explai- 
ned;  no  particular  programming  steps  for  imple- 
menting  said  flow  chart  are  shown  or  suggested 
in  this  specification,  since  various  possibilities  for 
the  details  thereof  can  be  easily  supplemented  as 
appropriate  by  one  of  ordinary  skill  in  the  pro- 
gramming  art,  particularly  when  based  upon  the 
functional  disclosures  set  out  in  this  specification. 
The  flow  chart  of  Fig.  6  only  shows  the  portion  of 
the  control  program  of  the  transmission  control 
device  45  which  controls  the  supply  of  actuating 
hydraulic  fluid  pressure  to  the  clutch  21  of  the 
center  differential  device  10  of  the  four  wheel 
drive  power  transfer  device  3,  i.e.  to  the  electrical- 
ly  actuated  electric/hydraulic  control  device  22, 
and  further  only  shows  this  process  in  schematic 
form;  said  Fig.  6  flow  chart  therefore  does  not 
show  the  portion  of  said  control  program  relating 
to  the  control  provided  for  the  gear  transmission 
mechanism  7  of  the  transmission  mechanism  2. 
This  fragment  will  be  sufficient  for  exemplifying 
the  principles  of  the  present  invention.  This  pro- 
gram  portion  is  executed  at  regular  intervals  of  for 
example  a  few  milliseconds,  of  course  after  the 
engine  1  is  started  as  the  vehicle  incorporating  it 
is  driven. 

In  this  Fig.  6  flow  chart,  first  the  transmission 
control  device  45  inputs  information  from  the  va- 
rious  sensors  46r/f  through  46,  and  then  in  the 
next  program  step  a  value  for  the  threshold  value 
deltaNset  for  the  absolute  value  of  the  difference 
deltaN  between  the  rotational  speed  of  the  rear 
vehicle  wheels  and  the  rotational  speed  of  the 
front  vehicle  wheels  is  determined  according  to 
the  current  value  of  the  steering  angle  of  the  vehi- 
cle,  according  to  the  Fig.  7  graph:  in  this  exem- 
plary  case,  said  threshold  rotational  speed  diffe- 
rence  value  is  set  to  a  certain  positive  and  non 
zero  basic  value  when  said  rotational  speed  diffe- 
rence  is  substantially  zero  (this  is  done  in  order 
positively  to  prevent  the  occurrence  of  winding  up 
torque  during  vehicle  starting  off),  and  increases 
linearly  from  said  basic  value  as  said  rotational 
speed  difference  increases  from  zero.  Next,  in  the 
next  program  step,  an  absolute  value  is  calcula- 
ted  for  the  difference  deltaN  between  the  rotatio- 
nal  speed  of  the  rear  vehicle  wheels  and  the  rota- 
tional  speed  of  the  front  vehicle  wheels,  and  then 
a  decision  is  made  as  to  whether  said  rotational 
speed  difference  absolute  value  is  greater  than 
the  just  calculated  threshold  value  deltaNset,  or 
not.  If  in  fact  said  rotational  speed  difference  ab- 
solute  value  is  greater  than  said  threshold  value 
deltaNset,  then  the  flow  of  control  passes  through 
a  step  which  increases  the  maximum  torque 
transmission  capacity  Tc  of  the  clutch  21  of  the 
center  differential  device  10  of  the  four  wheel 
drive  power  transfer  device  3  by  a  determinate 
relatively  small  amount  deltaTc,  by  appropriately 
controlling  the  duty  ratio  of  the  pulse  electrical 
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The  Control  According  to  the  Second  Method 
Embodiment 

In  detail,  when  the  absolute  value  of  the  differen- 
ce  deltaN  between  the  rotational  speed  of  the 
rear  vehicle  wheels  and  the  rotational  speed  of 
the  front  vehicle  wheels  is  not  greater  than  a  cer- 
tain  threshold  value  deltaNset,  said  threshold  va- 
lue  deltaNset  in  these  second  preferred  embodi- 
ments  being  determined  according  to  the  current 
value  of  the  steering  angle  of  the  vehicle  and 
increasing  according  to  increase  of  said  current 
value  of  the  steering  angle  of  the  vehicle  as  parti- 
cularly  shown  in  the  Fig.  7  graph,  then  the  maxi- 
mum  torque  transmission  capacity  Tc  of  the 
clutch  21  of  the  center  differential  device  1  0  of  the 
four  wheel  drive  power  transfer  device  3  is,  over  a 
period  of  time,  diminished  by  successive  relative- 
ly  small  steps  until  it  reaches  substantially  zero; 
whereas,  on  the  other  hand,  when  said  absolute 
value  of  the  difference  deltaN  between  the  rota- 
tional  speed  of  the  rear  vehicle  wheels  and  the 
rotational  speed  of  the  front  vehicle  wheels  is 
greater  than  said  certain  threshold  value  deltaN- 
set  determined  as  just  specified,  then  the  maxi- 
mum  torque  transmission  capacity  Tc  of  the 
clutch  21  of  the  center  differential  device  10  of  the 
four  wheel  drive  power  transfer  device  3  is,  over  a 
period  of  time,  increased  by  successive  relatively 
small  steps,  until  its  increase  naturally  curbs  said 
absolute  value  of  the  difference  deltaN  between 
the  rotational  speed  of  the  rear  vehicle  wheels 
and  the  rotational  speed  of  the  front  vehicle  whe- 
els.  In  other  words,  at  this  time,  a  steady  state 
value  is  reached  for  said  absolute  value  of  the 
difference  deltaN  between  the  rotational  speed  of 
the  rear  vehicle  wheels  and  the  rotational  speed 
of  the  front  vehicle  wheels,  by  a  feedback  pro- 
cess. 

Fig.  6  shows  a  fragmentary  flow  chart  for  a 
portion  of  the  aforementioned  control  program which  directs  the  operation  of  the  transmission 
control  device  45,  according  to  this  second  pre- ferred  embodiment  of  the  four  wheel  drive  vehicle 
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signal  which  is  supplied  by  the  transmission 
control  device  45  to  the  solenoid  or  the  like  of  the 
electromagnetically  actuated  hydraulic  switching 
valve  41  ,  thereby  controlling  the  value  of  the  hy- 
draulic  fluid  pressure  supplied  to  the  chamber  36  5 
of  the  servo  device  35  for  said  clutch  21;  while, 
on  the  other  hand,  if  in  fact  said  rotational  speed 
difference  absolute  value  is  less  than  said  thres- 
hold  value  deltaNset,  then  the  flow  of  control 
passes  through  a  different  step  which  decreases  10 
said  maximum  torque  transmission  capacity  Tc  of 
the  clutch  21  of  the  center  differential  device  10  of 
the  four  wheel  drive  power  transfer  device  3  by,  in 
this  second  preferred  embodiment,  the  same  de- 
terminate  relatively  small  amount  deltaTc,  again  15 
by  appropriately  controlling  the  duty  ratio  of  said 
pulse  electrical  signal  which  is  supplied  by  the 
transmission  control  device  45  to  the  solenoid  or 
the  like  of  the  electromagnetically  actuated  hy- 
draulic  switching  valve  41  .  In  this  second  prefer-  20 
red  embodiment,  further,  if  said  rotational  speed 
difference  absolute  value  is  actually  equal  to  said 
threshold  value  deltaNset,  then  the  flow  of  control 
passes  through  another  yet  again  different  step 
which  does  not  alter  said  maximum  torque  trans-  25 
mission  capacity  Tc  of  the  clutch  21  of  the  center 
differential  device  10  of  the  four  wheel  drive  po- 
wer  transfer  device  3.  And,  by  the  repeated  per- 
formance  of  the  Fig.  6  program  fragment  at  regu- 
lar  and  relatively  brief  intervals,  the  maximum  30 
torque  transmission  capacity  Tc  of  the  clutch  21 
is  relatively  quickly  brought  to  a  steady  state  va- 
lue.  The  graph  of  Fig.  7  shows  along  the  vertical 
axis  the  magnitude  of  this  threshold  value  for  the 
absolute  value  of  the  difference  deltaN  between  35 
the  rotational  speed  of  the  rear  vehicle  wheels 
and  the  rotational  speed  of  the  front  vehicle 
wheels,  and  shows  along  the  horizontal  axis  the 
magnitude  of  the  steering  angle  of  the  vehicle. 

In  other  words,  when  the  absolute  value  of  the  40 
difference  deltaN  between  the  rotational  speed  of 
the  rear  vehicle  wheels  and  the  rotational  speed 
of  the  front  vehicle  wheels  is  not  greater  than  said 
threshold  value  deltaNset  therefor,  which  is  deter- 
mined  to  be  greater  the  greater  is  the  vehicle  45 
steering  angle  but  to  be  positive  when  said  stee- 
ring  angle  is  substantially  zero,  then  the  maxi- 
mum  torque  transmitting  capacity  of  the  clutch  21 
is  steadily  reduced  until  it  is  substantially  zero,  in 
other  words  until  said  clutch  21  is  substantially  50 
disengaged.  In  this  operational  situation,  the  cen- 
ter  differential  device  10  is  allowed  to  substantial- 
ly  freely  carry  out  its  differential  action,  so  that  the 
occurrence  of  the  so  called  tight  corner  braking 
phenomenon  is  avoided,  and  the  occurrence  of  55 
the  screwing  up  torque  phenomenon  during  star- 
ting  off  of  the  vehicle  from  rest  is  also  positively 
avoided. 

On  the  other  hand,  when  said  absolute  value 
of  said  difference  deltaN  between  the  rotational  60 
speed  of  the  rear  vehicle  wheels  and  the  rotatio- 
nal  speed  of  the  front  vehicle  wheels  is  greater 
than  said  threshold  value  deltaNset  thus  calcula- 
ted  therefor,  then  the  maximum  torque  transmit- 
ting  capacity  of  the  clutch  21  is  steadily  increased  65 

by  the  amount  deltaTc,  so  that  the  operation  of 
the  center  differential  device  10  is  steadily  and 
progressively  more  and  more  restricted  by  the 
gradually  increasing  engagement  of  the  clutch  21  . 
In  this  operational  situation,  the  center  differential 
device  10  is  more  and  more  inhibited  from  car- 
rying  out  its  differential  action,  so  that  it  becomes 
progressively  locked  up  and  the  operational  state 
of  1he  vehicle  progressively  approaches  the  so 
called  direct  drive  state  in  which  the  rotation  of 
the  front  wheels  and  the  rotation  of  the  rear 
wheels  are  directly  coupled  together.  Thereby, 
along  with  the  difference  deltaN  between  the  rota- 
tional  speed  of  the  rear  vehicle  wheels  and  the 
rotational  speed  of  the  front  vehicle  wheels  being 
progressively  diminished,  the  drive  characteristics 
of  the  vehicle  are  progressively  improved,  and  the 
poor  road  condition  trailblazability  of  the  vehicle  is 
also  improved. 

As  before,  it  should  also  be  noted  that,  once 
the  absolute  value  of  the  difference  deltaN  be- 
tween  the  rotational  speed  of  the  rear  vehicle 
wheels  and  the  rotational  speed  of  the  front  vehi- 
cle  wheels  rises  above  the  threshold  value  del- 
taNset  therefor,  even  when  subsequently  said  ab- 
solute  value  of  said  difference  deltaN  between 
the  rotational  speed  of  the  rear  vehicle  wheels 
and  the  rotational  speed  of  the  front  vehicle 
wheels  later  drops  below  said  threshold  value 
deltaNset  therefor  again,  the  maximum  torque 
transmitting  capacity  of  the  clutch  21  is  not  imme- 
diately  reduced  to  zero,  but  instead  said  maxi- 
mum  torque  transmitting  capacity  of  said  clutch 
21  is  reduced  to  zero  over  a  certain  time  period, 
progressively  by  successive  steps  each  of  magni- 
tude  deltaTc.  By  this  means,  the  occurrence  of 
the  so  called  hunting  phenomenon  is  avoided. 

As  a  modification  of  this  program  fragment,  a 
similar  program  fragment  whose  flow  chart  is 
shown  in  Fig.  8  may  be  utilized.  The  only  diffe- 
rence  between  the  program  whose  flow  chart  is 
shown  in  Fig.  8  and  the  program  whose  flow  chart 
is  shown  in  Fig.  6  is  that  in  Fig.  8  the  case  of 
exact  equality  between  deltaN  and  deltaNset  is 
not  catered  for,  the  practicability  of  which  simplifi- 
cation  will  be  clear  to  one  of  ordinary  skill  in  the 
relevant  art  without  undue  or  further  explanation. 

The  Transmission  Control  System  in  the  Third 
Preferred  Embodiment 

Referring  now  to  Fig.  9,  which  is  a  figure  similar 
to  Figs.  1  and  5  respectively  relating  to  the  first 
and  the  second  preferred  method  embodiments, 
and  is  a  schematic  longitudinal  skeleton  view  of  a 
vehicle  power  train  (substantially  the  same  as  the 
Fig.  1  and  Fig.  5  power  trains)  and  of  a  control 
system  therefor  which  incorporates  a  vehicle  cen- 
tral  differential  operation  restriction  device  control 
device,  for  practicing  the  third  preferred  method 
embodiment:  it  will  be  seen  that  the  following  de- 
tectors  and  sensors  are  provided  to  the  transmis- 
sion  control  system,  in  this  case.  A  rear  wheels 
rotational  speed  sensor  46r  detects  a  value  repre- 
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sentative  of  the  rotational  speed  of  the  rear  whe- 
els  of  the  vehicle  by  measuring  the  rotational  spe- 
ed  of  a  member  rotationally  coupled  to  the  rear 
wheel  power  output  shaft  15,  or  the  like,  and  out- 
puts  an  electrical  signal  representative  thereof.  A  5 
front  wheels  rotational  speed  sensor  46f  detects  a 
value  representative  of  the  rotational  speed  of  the 
front  wheels  of  the  vehicle  by  measuring  the  rota- 
tional  speed  of  a  member  rotationally  coupled  to 
the  front  wheel  power  output  shaft  17,  or  the  like,  10 
and  outputs  an  electrical  signal  representative 
thereof.  A  throttle  position  sensor  47  detects  a 
value  representative  of  the  current  load  on  the 
internal  combustion  engine  1  by  measuring  the 
opening  angle  of  the  throttle  valve  (not  particular-  15 
ly  shown)  of  a  carburetor  (not  shown  either)  of 
said  engine  1,  and  outputs  an  electrical  signal 
representative  thereof.  A  set  range  sensor  48  de- 
tects  the  set  position  of  a  manual  range  setting 
valve  which  is  provided  for  the  transmission  me-  20 
chanism  2,  or  of  a  setting  means  therefor,  and 
outputs  an  electrical  signal  representative  thereof; 
again,  this  manual  range  setting  valve  is  not  parti- 
cularly  shown  in  the  figures,  but  said  setting  me- 
ans  therefor  is  provided  in  the  passenger  com-  25 
partment  of  the  vehicle  so  as  to  be  readily  acces- 
sible  to  the  driver  of  the  vehicle,  and  can  be  set  to 
any  one  of  a  number  of  set  positions  correspon- 
ding  to  various  operational  ranges  for  the  trans- 
mission  mechanism  2  such  as  "D"  range,  "2"  ran-  30 
ge,  "L"  range,  "R"  range,  "N"  range,  and  "P"  ran- 
ge.  And,  in  this  third  preferred  embodiment,  an 
input  torque  sensor  49  senses  the  input  torque 
(hereinafter  designated  as  "Ti")  input  to  the  four 
wheel  drive  power  transfer  device  3  from  the  35 
automatic  speed  change  device  2,  and  outputs 
an  electrical  signal  representative  thereof. 

This  transmission  control  device  45  outputs 
control  signals  for  controlling  the  electric/hydraulic 
control  device  22  for  the  four  wheel  drive  power  40 
transfer  device  3  and  for  controlling  the  electri- 
cal/hydraulic  control  mechanism  9  for  the  gear 
transmission  mechanism  7,  according  to  princi- 
ples  which  incorporate  the  concept  of  the  third 
preferred  embodiment  of  the  vehicle  central  diffe-  45 
rential  operation  restriction  device  control  device 
and  method  of  the  present  invention,  as  will  now 
be  explained.  Further,  in  the  case  of  these  third 
preferred  embodiments,  said  transmission  control 
device  45  outputs  control  signals  for  controlling  50 
an  engine  control  computer  50  which  receives  si- 
gnals  from  various  engine  control  sensors  collec- 
tively  designated  as  51  and  which  controls  the 
operation  of  the  internal  combustion  engine  1  by 
for  example  controlling  its  ignition  timing,  and  the  55 
amount  of  fuel  supplied  to  the  combustion  cham- 
bers  thereof  and  the  like,  and  further  outputs 
other  control  signals  for  controlling  a  braking 
control  computer  52  which  receives  signals  from 
various  braking  control  sensors  collectively  des-  60 
ignated  as  53  and  which  controls  the  operation  of 
the  rear  wheels  braking  system  60  and  of  the 
front  wheels  braking  system  61  of  the  vehicle  -  
which  is  independent  from  said  rear  wheels  bra- 
king  system  60.  It  should  be  understood  that,  as  65 

before,  no  concrete  illustration  of  the  structure  of 
any  particular  realization  of  the  transmission 
control  device  45  will  be  given  herein,  since  va- 
rious  possibilities  for  the  details  thereof  can  be 
easily  supplemented  by  one  of  ordinary  skill  in  the 
electronic  and  computer  programming  art  based 
upon  the  functional  disclosures  set  out  in  this 
specification.  Again,  in  the  third  preferred  embodi- 
ment  of  a  method  of  the  present  invention,  the 
transmission  control  device  45  is  concretely  reali- 
zed  as  a  micro  computer  and  its  associated  cir- 
cuitry,  said  micro  computer  operating  at  the  be- 
hest  of  a  control  program  which  will  not  be  com- 
pletely  particularly  detailed,  since  many  of  the  de- 
tails  thereof  can  likewise  be  easily  supplemented 
by  one  of  ordinary  skill  in  the  electronic  and  com- 
puter  programming  art  based  upon  the  functional 
disclosures  set  out  in  this  specification.  However, 
as  before,  it  should  be  particularly  understood 
that  such  realizations  in  the  micro  computer  form, 
although  preferred,  are  not  the  only  ways  in  which 
the  transmission  control  device  45  can  be  provi- 
ded;  in  other  possible  embodiments  it  could  be 
constituted  as  an  electrical  device  not  incorpora- 
ting  a  microprocessor.  In  the  preferred  case,  as 
before,  this  microprocessor  will  typically  com- 
prise:  a  CPU  (central  processing  unit)  which 
obeys  said  control  program  to  be  described  short- 
ly  and  which  inputs  data,  performs  calculations, 
and  outputs  data;  a  ROM  (read  only  memory) 
which  stores  said  program  to  be  described  shortly 
and  initialization  data  therefor  and  so  on;  and  a 
RAM  (random  access  memory)  which  stores  the 
results  of  certain  intermediate  calculations  and 
data  and  so  on;  and  these  devices  together  will 
constitute  a  logical  calculation  circuit,  being  joined 
together  by  a  common  bus  which  also  links  them 
to  an  input  port  and  an  output  port  which  together 
perform  input  and  output  for  the  system.  And  the 
system  will  typically  also  include  buffers  for  the 
electrical  signals  outputted  from  the  various  sen- 
sors  and  switches  46r/f  through  49  to  the  input 
port  device,  and  drive  circuits  through  which  ac- 
tuating  electrical  signals  are  passed  from  the  out- 
put  port  device  to  a  speed  change  control  sole- 
noid  or  solenoids  of  the  electrical/hydraulic 
control  mechanism  9  for  controlling  the  automatic 
speed  change  device  2  and  to  a  control  solenoid 
or  the  like  of  the  electric/hydraulic  control  device 
22  for  controlling  the  torque  transmission  capacity 
of  the  clutch  21  of  the  four  wheel  drive  power 
transfer  device  3  by  supplying  appropriate  hy- 
draulic  fluid  pressure  to  its  pressure  chamber  36. 
It  should  be  understood  that,  as  before,  the  trans- 
mission  control  device  45  generally  functions  so 
as  to  engage  an  appropriate  one  of  the  various 
speed  stages  of  the  gear  transmission  mecha- 
nism  7  of  the  transmission  mechanism  2  accor- 
ding  to  the  current  values  of  various  vehicle  ope- 
rating  parameters  such  as  the  vehicle  road  speed 
as  sensed  by  one  or  another  or  both  of  the  rear 
wheels  rotational  speed  sensor  46r  and  the  front 
wheels  rotational  speed  sensor  46f,  the  engine 
load  (throttle  opening)  as  sensed  by  the  throttle 
position  sensor  47,  and  the  operating  range  of  the 
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in  which  the  front  vehicle  wheels  and  the  rear 
vehicle  wheels  are  directly  coupled  together;  the- 
reby,  the  drive  characteristics  of  the  vehicle  are 
progressively  improved,  and  the  poor  road  condi- 
tion  trailblazability  of  the  vehicle  is  also  improved. 

Fig.  10  shows  a  fragmentary  flow  chart  for  a 
portion  of  the  aforementioned  control  program 
which  directs  the  operation  of  the  transmission 
control  device  45,  according  to  this  third  preferred 
embodiment  of  the  four  wheel  drive  vehicle  cen- 
tral  differential  operation  restriction  device  control 
device  of  the  present  invention,  so  as  to  realize 
the  third  preferred  embodiment  of  the  four  wheel 
drive  vehicle  central  differential  operation  restric- 
tion  device  control  method  of  the  present  inven- 
tion.  This  flow  chart  will  now  be  explained;  no 
particular  programming  steps  for  implementing 
said  flow  chart  are  shown  or  suggested  in  this 
specification,  since  various  possibilities  for  the 
details  thereof  can  be  easily  supplemented  as  ap- 
propriate  by  one  of  ordinary  skill  in  the  program- 
ming  art,  particularly  when  based  upon  the  func- 
tional  disclosures  set  out  in  this  specification.  The 
flow  chart  of  Fig.  1  0  again  only  shows  the  portion 
of  the  control  program  of  the  transmission  control 
device  45  which  controls  the  supply  of  actuating 
hydraulic  fluid  pressure  to  the  clutch  21  of  the 
center  differential  device  10  of  the  four  wheel 
drive  power  transfer  device  3,  i.e.  to  the  electrical- 
ly  actuated  electric/hydraulic  control  device  22, 
and  further  only  shows  this  process  in  schematic 
form;  said  Fig.  10  flow  chart  therefore  does  not 
show  the  portion  of  said  control  program  relating 
to  the  control  provided  for  the  gear  transmission 
mechanism  7  of  the  transmission  mechanism  2. 
This  fragment  will  be  sufficient  for  exemplifying 
the  principles  of  the  present  invention.  This  pro- 
gram  portion  is  executed  at  regular  intervals  of  for 
example  a  few  milliseconds,  of  course  after  the 
engine  1  is  started  as  the  vehicle  incorporating  it 
is  driven. 

In  this  Fig.  10  flow  chart,  first  the  transmission 
control  device  45  inputs  information  from  the  va- 
rious  sensors  46r/f  through  46,  and  then  in  the 
next  program  step  an  absolute  value  is  calculated 
for  the  difference  deltaN  between  the  rotational 
speed  of  the  rear  vehicle  wheels  and  the  rotatio- 
nal  speed  of  the  front  vehicle  wheels,  and  then  a 
decision  is  made  as  to  whether  said  rotational 
speed  difference  absolute  value  is  greater  than  a 
threshold  value  deltaNset  therefor,  or  not.  If  in 
fact  said  rotational  speed  difference  absolute  va- 
lue  is  not  greater  than  said  threshold  value  del- 
taNset,  then  the  flow  of  control  passes  through  a 
step  which  controls  the  maximum  torque  trans- 
mission  capacity  Tc  of  the  clutch  21  of  the  center 
differential  device  10  of  the  four  wheel  drive  po- 
wer  transfer  device  3  according  to  the  input 
torque  Ti  input  to  the  four  wheel  drive  power 
transfer  device  3  from  the  automatic  speed 
change  device  2  as  sensed  by  the  input  torque 
sensor  49,  by  appropriately  controlling  the  duty 
ratio  of  the  pulse  electrical  signal  which  is  sup- 
plied  by  the  transmission  control  device  45  to  the 
solenoid  or  the  like  of  the  electromagnetically  ac- 

transmission  as  manually  set  by  the  vehicle  driver 
on  the  setting  means  therefor  as  sensed  by  the 
set  range  sensor  48;  such  a  transmission  shift 
stage  selection  function  may  be  performed  in  a 
per  se  conventional  way,  and  no  particular  details  5 
thereof  will  be  shown  or  suggested  in  this  specifi- 
cation,  since  various  possibilities  for  the  details 
thereof  can  be  easily  supplemented  as  appro- 
priate  by  one  of  ordinary  skill  in  the  transmission 
control  and  the  programming  arts,  particularly  10 
when  based  upon  the  functional  disclosures  set 
out  in  this  specification.  Further,  said  transmis- 
sion  control  device  45  generally  functions  as  will 
now  be  explained,  so  as  to  control  the  torque 
transmission  capacity  of  the  clutch  21  of  the  cen-  15 
ter  differential  device  10  of  the  four  wheel  drive 
power  transfer  device  3,  according  to  the  current 
values  of  the  rotational  speed  of  the  rear  vehicle 
wheels  as  sensed  by  the  rear  wheels  rotational 
speed  sensor  46r  and  the  rotational  speed  of  the  20 
front  vehicle  wheels  as  sensed  by  the  front 
wheels  rotational  speed  sensor  46f,  and  of  the 
input  torque  Ti  input  to  the  four  wheel  drive  power 
transfer  device  3  from  the  automatic  speed 
change  device  2  as  sensed  by  the  input  torque  25 
sensor  49. 

The  Control  According  to  the  Third  Method 
Embodiment  30 

In  detail,  when  the  absolute  value  of  the  differen- 
ce  deltaN  between  the  rotational  speed  of  the 
rear  vehicle  wheels  and  the  rotational  speed  of 
the  front  vehicle  wheels  is  not  greater  than  a  cer-  35 
tain  threshold  value  deltaNset,  then  the  maximum 
torque  transmission  capacity  Tc  of  the  clutch  21 
of  the  center  differential  device  10  of  the  four 
wheel  drive  power  transfer  device  3  is  controlled 
according  to  the  input  torque  Ti  input  to  the  four  40 
wheel  drive  power  transfer  device  3  from  the 
automatic  speed  change  device  2  as  sensed  by 
the  input  torque  sensor  49;  whereas,  on  the  other 
hand,  when  said  absolute  value  of  the  difference 
deltaN  between  the  rotational  speed  of  the  rear  45 
vehicle  wheels  and  the  rotational  speed  of  the 
front  vehicle  wheels  is  greater  than  said  certain 
threshold  value  deltaNset,  then  it  is  deemed  that 
one  or  another  set  of  either  the  front  vehicle  whe- 
els  or  the  rear  vehicle  wheels  is  slipping  with  re-  50 
spect  to  the  road  or  other  surface  upon  which  the 
vehicle  is  operating,  and  in  this  case  the  maxi- 
mum  torque  transmission  capacity  Tc  of  the 
clutch  21  of  the  center  differential  device  10  of  the 
four  wheel  drive  power  transfer  device  3  is  increa-  55 
sed  until  the  front  vehicle  wheels  and  the  rear 
vehicle  wheels  are  directly  coupled  together  or 
are  almost  directly  coupled  together.  In  other 
words,  at  this  time,  the  maximum  torque  trans- 
mission  capacity  Tc  of  the  clutch  21  of  the  center  60 
differential  device  10  of  the  four  wheel  drive  po- 
wer  transfer  device  3  is  increased  so  as  to  restrict 
the  differential  effect  provided  by  said  center  dif- 
ferential  device  10,  and  the  operational  condition 
of  the  vehicle  gradually  approaches  that  condition  65 
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tuated  hydraulic  switching  valve  41  ,  thereby  con- 
trolling  the  value  of  the  hydraulic  fluid  pressure 
supplied  to  the  chamber  36  of  the  servo  device 
35  for  said  clutch  21;  while,  on  the  other  hand,  if 
in  fact  said  rotational  speed  difference  absolute  5 
value  is  greater  than  said  threshold  value  deltaN- 
set,  then  the  flow  of  control  passes  to  a  decision 
step  which  tests  the  value  of  a  flag  Fa.  If  this  flag 
Fa  is  found  to  be  not  set,  then  the  flow  of  control 
passes  through  a  step  which  increases  the  maxi-  10 
mum  torque  transmission  capacity  Tc  of  the 
clutch  21  of  the  center  differential  device  10,  and 
the  flag  F1  is  then  set  and  after  waiting  for  a 
certain  time  interval  Tset  the  flow  of  control  exits 
this  routine.  On  the  other  hand,  if  this  flag  Fa  is  15 
found  to  be  set,  which  indicates  that  the  absolute 
value  of  the  difference  deltaN  between  the  rota- 
tional  speed  of  the  rear  vehicle  wheels  and  the 
rotational  speed  of  the  front  vehicle  wheels  has 
remained  greater  than  the  aforesaid  threshold  va-  20 
lue  deltaNset  for  longer  than  the  time  interval 
Tset,  then  the  flow  of  control  passes  through  a 
different  step  which  starts  to  control  the  engine 
control  computer  50  of  Fig.  5  so  as  to  start  to 
decrease  the  torque  which  is  being  output  by  the  25 
internal  combustion  engine  1  or  to  shift  up  the 
gear  transmission  mechanism  7  by  one  or  more 
speed  stage  or  stages,  i.e.  so  as  to  start  to  de- 
crease  the  input  torque  Ti  which  is  being  input  to 
the  four  wheel  drive  power  transfer  device  3  from  30 
the  automatic  speed  change  device  2;  in  other 
words,  wheel  slippage  control  is  started.  Thereby, 
the  slipping  of  the  front  vehicle  wheels  or  of  the 
rear  vehicle  wheels  is  suppressed  or  at  any  rate 
is  substantially  reduced.  Then,  the  flag  F  is  reset  35 
(turned  off),  and  after  waiting  for  a  certain  time 
interval  Tset  this  action  is  reversed,  so  that  said 
engine  control  computer  50  is  now  controlled  so 
as  to  cease  the  reduction  of  the  torque  which  is 
being  output  by  the  internal  combustion  engine  1  40 
or  to  shift  down  the  gear  transmission  mechanism 
7  by  one  or  more  speed  stage  or  stages,  i.e.  so 
as  to  cease  the  reduction  of  the  input  torque  Ti 
which  is  being  input  to  the  four  wheel  drive  power 
transfer  device  3  from  the  automatic  speed  45 
change  device  2;  in  other  words,  wheel  slippage 
control  is  terminated.  And  finally  the  flow  of 
control  exits  this  program  fragment. 

In  other  words,  when  the  absolute  value  of  the 
difference  deltaN  between  the  rotational  speed  of  50 
the  rear  vehicle  wheels  and  the  rotational  speed 
of  the  front  vehicle  wheels  is  not  greater  than  said 
threshold  value  deltaNset  therefor,  then  the  maxi- 
mum  torque  transmitting  capacity  of  the  clutch  21 
is  controlled  according  to  the  input  torque  Ti  55 
which  is  being  input  to  the  four  wheel  drive  power 
transfer  device  3  from  the  automatic  speed 
change  device  2.  On  the  other  hand,  when  said 
absolute  value  of  said  difference  deltaN  between 
the  rotational  speed  of  the  rear  vehicle  wheels  60 
and  the  rotational  speed  of  the  front  vehicle 
wheels  is  greater  than  said  threshold  value  del- 
taNset  thus  calculated  therefor,  then  the  input 
torque  Ti  which  is  being  input  to  the  four  wheel 
drive  power  transfer  device  3  from  the  automatic  65 
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speed  change  device  2  is  reduced,  so  as  to  curb 
wheel  slippage.  It  should  be  noted  that,  alternati- 
vely,  this  second  stage  type  control  may  be  car- 
ried  out  by  activating  the  rear  wheels  braking  sys- 
tem  60  and/or  the  front  wheels  braking  system  61 
of  the  vehicle,  in  alternative  preferred  embodi- 
ments,  instead  of  controlling  the  input  torque  Ti 
which  is  being  input  to  the  four  wheel  drive  power 
transfer  device  3  from  the  automatic  speed 
change  device  2.  In  such  a  case,  the  same  or 
similar  benefits  and  advantages  are  obtained,  as 
with  these  third  preferred  device  and  method  em- 
bodiments. 

The  Transmission  Control  System 
Fourth  preferred  Embodiment 

in  the 

For  the  fourth  preferred  method  embodiment,  no 
particular  schematic  longitudinal  skeleton  view  of 
any  vehicle  power  train  or  control  system  therefor 
will  be  shown,  since  the  power  train  of  Fig.  5  are 
suitable  for  application  of  the  fourth  preferred  em- 
bodiment,  also.  In  this  case,  too,  the  control  sy- 
stem  comprises:  a  rear  wheels  rotational  speed 
sensor  46r  which  detects  a  value  representative 
of  the  rotational  speed  of  the  rear  wheels  of  the 
vehicle  by  measuring  the  rotational  speed  of  a 
member  rotationally  coupled  to  the  rear  wheel  po- 
wer  output  shaft  15,  or  the  like,  and  which  outputs 
an  electrical  signal  representative  thereof;  a  front 
wheels  rotational  speed  sensor  46f  which  detects 
a  value  representative  of  the  rotational  speed  of 
the  front  wheels  of  the  vehicle  by  measuring  the 
rotational  speed  of  a  member  rotationally  coupled 
to  the  front  wheel  power  output  shaft  17,  or  the 
like,  and  which  outputs  an  electrical  signal  repre- 
sentative  thereof;  a  throttle  position  sensor  47 
which  detects  a  value  representative  of  the  cur- 
rent  load  on  the  internal  combustion  engine  1  by 
measuring  the  opening  angle  of  the  throttle  valve 
(not  particularly  shown)  of  a  carburetor  (not 
shown  either)  of  said  engine  1,  and  which  outputs 
an  electrical  signal  representative  thereof;  a  set 
range  sensor  48  which  detects  the  set  position  of 
a  manual  range  setting  valve  which  is  provided 
for  the  transmission  mechanism  2,  or  of  a  setting 
means  therefor,  and  which  outputs  an  electrical 
signal  representative  thereof;  and  a  steering  an- 
gle  sensor  49  which  detects  the  steering  angle  of 
the  vehicle,  and  which  outputs  an  electrical  signal 
representative  thereof.  The  output  signals  of  the- 
se  five  sensors  46r,  46f,  47,  48,  and  49  are,  as 
before,  fed  to  the  transmission  control  device  45. 

This  transmission  control  device  45  outputs 
control  signals  for  controlling  the  electric/hydraulic 
control  device  22  for  the  four  wheel  drive  power 
transfer  device  3  and  for  controlling  the  electri- 
cal/hydraulic  control  mechanism  9  for  the  gear 
transmission  mechanism  7,  according  to  princi- 
ples  which  incorporate  the  concept  of  the  fourth 
preferred  embodiment  of  the  vehicle  central  diffe- 
rential  operation  restriction  device  control  method 
of  the  present  invention,  as  will  now  be  explained. 
It  should  be  understood  that,  as  before,  no 
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concrete  illustration  of  the  structure  of  any  parti- 
cular  realization  of  the  transmission  control  de- 
vice  45  will  be  given  herein,  since  various  possi- 
bilities  for  the  details  thereof  can  be  easily  sup- 
plemented  by  one  of  ordinary  skill  in  the  electro-  5 
nic  and  computer  programming  art  based  upon 
the  functional  disclosures  set  out  in  this  specifica- 
tion.  Again,  in  the  fourth  preferred  embodiment  of 
a  method  of  the  present  invention,  the  transmis- 
sion  control  device  45  is  concretely  realized  as  a  10 
micro  computer  and  its  associated  circuitry,  said 
micro  computer  operating  at  the  behest  of  a 
control  program  which  will  not  be  completely  par- 
ticularly  detailed,  since  many  of  the  details  the- 
reof  can  likewise  be  easily  supplemented  by  one  15 
of  ordinary  skill  in  the  electronic  and  computer 
programming  art  based  upon  the  functional  dis- 
closures  set  out  in  this  specification.  However,  as 
before,  it  should  be  particularly  understood  that 
such  realizations  in  the  micro  computer  form,  al-  20 
though  preferred,  are  not  the  only  ways  in  which 
the  transmission  control  device  45  can  be  provi- 
ded;  in  other  possible  embodiments  it  could  be 
constituted  as  an  electrical  device  not  incorpora- 
ting  a  microprocessor.  In  the  preferred  case,  as  25 
before,  this  microprocessor  will  typically  com- 
prise:  a  CPU  (central  processing  unit)  which 
obeys  said  control  program  to  be  described  short- 
ly  and  which  inputs  data,  performs  calculations, 
and  outputs  data;  a  ROM  (read  only  memory)  30 
which  stores  said  program  to  be  described  shortly 
and  initialization  data  therefor  and  so  on;  and  a 
RAM  (random  access  memory)  which  stores  the 
results  of  certain  intermediate  calculations  and 
data  and  so  on;  and  these  devices  together  will  35 
constitute  a  logical  calculation  circuit,  being  joined 
together  by  a  common  bus  which  also  links  them 
to  an  input  port  and  an  output  port  which  together 
perform  input  and  output  for  the  system.  And  the 
system  will  typically  also  include  buffers  for  the  40 
electrical  signals  outputted  from  the  various  sen- 
sors  and  switches  46r/f  through  49  to  the  input 
port  device,  and  drive  circuits  through  which  ac- 
tuating  electrical  signals  are  passed  from  the  out- 
put  port  device  to  a  speed  change  control  sole-  45 
noid  or  solenoids  of  the  electrical/hydraulic 
control  mechanism  9  for  controlling  the  automatic 
speed  change  device  2  and  to  a  control  solenoid 
or  the  like  of  the  electric/hydraulic  control  device 
22  for  controlling  the  torque  transmission  capacity  50 
of  the  clutch  21  of  the  four  wheel  drive  power 
transfer  device  3  by  supplying  appropriate  hy- 
draulic  fluid  pressure  to  its  pressure  chamber  36. 
It  should  be  understood  that,  as  before,  the  trans- 
mission  control  device  45  generally  functions  so  55 
as  to  engage  an  appropriate  one  of  the  various 
speed  stages  of  the  gear  transmission  mecha- 
nism  7  of  the  transmission  mechanism  2  accor- 
ding  to  the  current  values  of  various  vehicle  ope- 
rating  parameters  such  as  the  vehicle  road  speed  60 
as  sensed  by  one  or  another  or  both  of  the  rear 
wheels  rotational  speed  sensor  46r  and  the  front 
wheels  rotational  speed  sensor  46f,  the  engine 
load  (throttle  opening)  as  sensed  by  the  throttle 
position  sensor  47,  and  the  operating  range  of  the  65 

transmission  as  manually  set  by  the  vehicle  driver 
on  the  setting  means  therefor  as  sensed  by  the 
set  range  sensor  48;  such  a  transmission  shift 
stage  selection  function  may,  as  before,  be  per- 
formed  in  a  per  se  conventional  way,  and  no  par- 
ticular  details  thereof  will  be  shown  or  suggested 
in  this  specification,  since  various  possibilities  for 
the  details  thereof  can  be  easily  supplemented  as 
appropriate  by  one  of  ordinary  skill  in  the  trans- 
mission  control  and  the  programming  arts,  parti- 
cularly  when  based  upon  the  functional  disclo- 
sures  set  out  in  this  specification.  Further,  said 
transmission  control  device  45  generally  func- 
tions  as  will  now  be  explained,  so  as  to  control 
the  torque  transmission  capacity  of  the  clutch  21 
of  the  center  differential  device  10  of  the  four 
wheel  drive  power  transfer  device  3,  according  to 
the  current  values  of  the  rotational  speed  of  the 
rear  vehicle  wheels  as  sensed  by  the  rear  wheels 
rotational  speed  sensor  46r  and  the  rotational 
speed  of  the  front  vehicle  wheels  as  sensed  by 
the  front  wheels  rotational  speed  sensor  46f,  and 
of  the  steering  angle  of  the  steering  system  of  the 
vehicle  to  which  this  four  wheel  drive  control  sys- 
tem  is  fitted,  as  sensed  by  the  steering  angle  sen- 
sor  49. 

The  Control  According  to  the  Fourth  Method 
Embodiment 

In  detail,  when  the  absolute  value  of  the  differen- 
ce  deltaN  between  the  rotational  speed  of  the 
rear  vehicle  wheels  and  the  rotational  speed  of 
the  front  vehicle  wheels  is  not  greater  than  a  cer- 
tain  threshold  value  deltaNset,  which  threshold 
value  deltaNset  in  the  case  of  this  fourth  prefer- 
red  embodiment  is  determined  according  to  the 
steering  angle  of  the  vehicle  and  according  to  the 
one  of  the  rotational  speed  Nf  of  the  front  wheels 
of  the  vehicle  and  the  rotational  speed  Nr  of  the 
rear  wheels  of  the  vehicle  which  currently  is  the 
lesser,  then  the  maximum  torque  transmission 
capacity  Tc  of  the  clutch  21  of  the  center  differen- 
tial  device  10  of  the  four  wheel  drive  power  trans- 
fer  device  3  is,  over  a  period  of  time,  diminished 
by  successive  relatively  small  steps  until  it  rea- 
ches  substantially  zero;  whereas,  on  the  other 
hand,  when  said  absolute  value  of  the  difference 
deltaN  between  the  rotational  speed  of  the  rear 
vehicle  wheels  and  the  rotational  speed  of  the 
front  vehicle  wheels  is  greater  than  said  certain 
threshold  value  deltaNset  determined  as  just  spe- 
cified,  then  the  maximum  torque  transmission  ca- 
pacity  Tc  of  the  clutch  21  of  the  center  differential 
device  10  of  the  four  wheel  drive  power  transfer 
device  3  is,  over  a  period  of  time,  increased  by 
successive  relatively  small  steps,  until  its  increa- 
se  naturally  curbs  said  absolute  value  of  the  diffe- 
rence  deltaN  between  the  rotational  speed  of  the 
rear  vehicle  wheels  and  the  rotational  speed  of 
the  front  vehicle  wheels.  In  other  words,  at  this 
time,  a  steady  state  value  is  reached  for  said  ab- 
solute  value  of  the  difference  deltaN  between  the 
rotational  speed  of  the  rear  vehicle  wheels  and 
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the  rotational  speed  of  the  front  vehicle  wheels, 
by  a  feedback  process. 

Fig.  1  1  shows  a  fragmentary  flow  chart  for  a 
portion  of  the  aforementioned  control  program 
which  directs  the  operation  of  the  transmission  5 
control  device  45,  so  as  to  realize  the  fourth  pre- 
ferred  embodiment  of  the  four  wheel  drive  vehicle 
central  t  differential;  operation  restriction  device 
control  method  of  the  present  invention.  This  flow 
chart  will  now  be  explained;  again,  no  particular  10 
programming  steps  for  implementing  said  flow 
chart  are  shown  or  suggested  in  this  specifica- 
tion,  since  various  possibilities  for  the  details  the- 
reof  can  be  easily  supplemented  as  appropriate 
by  one  of  ordinary  skill  in  the  programming  art,  15 
particularly  when  based  upon  the  functional  dis- 
closures  set  out  in  this  specification.  As  before, 
the  flow  chart  of  Fig.  1  1  only  shows  the  portion  of 
the  control  program  of  the  transmission  control 
device  45  which  controls  the  supply  of  actuating  20 
hydraulic  fluid  pressure  to  the  clutch  21  of  the 
center  differential  device  10  of  the  four  wheel 
drive  power  transfer  device  3,  i.e.  to  the  electrical- 
ly  actuated  electric/hydraulic  control  device  22, 
and  further  only  shows  this  process  in  schematic  25 
form;  said  Fig.  11  flow  chart  therefore  does  not 
show  the  portion  of  said  control  program  relating 
to  the  control  provided  for  the  gear  transmission 
mechanism  7  of  the  transmission  mechanism  2. 
This  fragment  will  be  sufficient  for  exemplifying  30 
the  principles  of  the  present  invention.  This  pro- 
gram  portion  is  executed  at  regular  intervals  of  for 
example  a  few  milliseconds,  of  course  after  the 
engine  1  is  started  as  the  vehicle  incorporating  it 
is  driven.  35 

In  this  Fig.  1  1  flow  chart,  first  the  transmission 
control  device  45  inputs  information  from  the  va- 
rious  sensors  46r/f  through  46,  and  then  in  the 
next  program  step  an  absolute  value  deltaN  is 
calculated  for  the  difference  between  the  rotatio-  40 
nal  speed  of  the  rear  vehicle  wheels  and  the  rota- 
tional  speed  of  the  front  vehicle  wheels.  Then  in 
the  next  three  program  steps  a  value  for  the 
threshold  value  deltaNset  for  this  absolute  value 
deltaN  of  the  difference  between  the  rotational  45 
speed  of  the  rear  vehicle  wheels  and  the  rotatio- 
nal  speed  of  the  front  vehicle  wheels  is  determi- 
ned  according  to  the  current  value  of  the  steering 
angle  of  the  vehicle,  and  according  to  the  rotatio- 
nal  speed  Nr  of  the  rear  vehicle  wheels  and  the  50 
rotational  speed  Nf  of  the  front  vehicle  wheels,  in 
the  following  manner:  if  the  rotational  speed  Nr  of 
the  rear  vehicle  wheels  is  less  than  the  rotational 
speed  Nf  of  the  front  vehicle  wheels,  then  the 
threshold  rotational  speed  difference  value  del-  55 
taNset  is  determined  according  to  the  rotational 
speed  Nr  of  the  rear  vehicle  wheels  and  the  stee- 
ring  angle,  while  on  the  other  hand  if  the  rotatio- 
nal  speed  Nr  of  the  rear  vehicle  wheels  is  greater 
than  the  rotational  speed  Nf  of  the  front  vehicle  60 
wheels,  then  the  threshold  rotational  speed  diffe- 
rence  value  deltaNset  is  determined  according  to 
the  rotational  speed  Nf  of  the  front  vehicle  wheels 
and  the  steering  angle.  Now,  it  is  a  fact  that  inevi- 
tably  the  rotational  speed  Nr  of  the  rear  vehicle  65 

wheels  and  the  rotational  speed  Nf  of  the  front 
vehicle  wheels  will  differ,  because  of  the  diffe- 
rence  between  the  rolling  radiuses  of  the  respec- 
tive  vehicle  wheels,  and  accordingly  it  is  the  les- 
ser  of  said  rotational  speed  Nr  of  the  rear  vehicle 
wheels  and  said  rotational  speed  Nf  of  the  front 
vehicle  wheels  which  is  taken  as  truly  indicative 
of  the  vehicle  road  speed,  in  each  particular  case. 
In  this  exemplary  case,  the  threshold  rotational 
speed  difference  value  deltaNset  is  set  to  a  cer- 
tain  positive  and  non  zero  basic  value  when  the 
absolute  rotational  speed  difference  value  deltaN 
is  substantially  zero  (this  is  done  in  order  positive- 
ly  to  prevent  the  occurrence  of  winding  up  torque 
during  vehicle  starting  off),  and  increases  linearly 
from  said  basic  value  as  said  rotational  speed 
difference  increases  from  zero.  Next,  in  the  next 
program  step,  a  decision  is  made  as  to  whether 
said  rotational  speed  difference  absolute  value 
deltaN  is  greater  than  the  just  calculated  thres- 
hold  value  deltaNset,  or  not.  If  in  fact  said  rotatio- 
nal  speed  difference  absolute  value  deltaN  is 
greater  than  said  threshold  value  deltaNset,  then 
the  flow  of  control  passes  through  a  step  which 
increases  the  maximum  torque  transmission  ca- 
pacity  Tc  of  the  clutch  21  of  the  center  differential 
device  1  0  of  the  four  wheel  drive  power  transfer 
device  3  by  a  determinate  relatively  small  amount 
deltaTc,  by  appropriately  controlling  the  duty  ratio 
of  the  pulse  electrical  signal  which  is  supplied  by 
the  transmission  control  device  45  to  the  solenoid 
or  the  like  of  the  electromagnetically  actuated  hy- 
draulic  switching  valve  41  ,  thereby  controlling  the 
value  of  the  hydraulic  fluid  pressure  supplied  to 
the  chamber  36  of  the  servo  device  35  for  said 
clutch  21  ;  while,  on  the  other  hand,  if  in  fact  said 
rotational  speed  difference  absolute  value  deltaN 
is  less  than  said  threshold  value  deltaNset  there- 
for,  then  the  flow  of  control  passes  through  a  dif- 
ferent  step  which  decreases  said  maximum 
torque  transmission  capacity  Tc  of  the  clutch  21 
of  the  center  differential  device  10  of  the  four 
wheel  drive  power  transfer  device  3  by,  in  this 
fourth  preferred  embodiment,  the  same  determi- 
nate  relatively  small  amount  deltaTc,  again  by  ap- 
propriately  controlling  the  duty  ratio  of  said  pulse 
electrical  signal  which  is  supplied  by  the  transmis- 
sion  control  device  45  to  the  solenoid  or  the  like 
of  the  electromagnetically  actuated  hydraulic  swit- 
ching  valve  41.  In  this  fourth  preferred  embodi- 
ment,  further,  if  said  rotational  speed  difference 
absolute  value  deltaN  is  actually  equal  to  said 
threshold  value  deltaNset,  then  the  flow  of  control 
passes  through  another  yet  again  different  step 
which  does  not  alter  said  maximum  torque  trans- 
mission  capacity  Tc  of  the  clutch  21  of  the  center 
differential  device  10  of  the  four  wheel  drive  po- 
wer  transfer  device  3.  And,  by  the  repeated  per- 
formance  of  the  Fig.  1  1  program  fragment  at  re- 
gular  and  relatively  brief  intervals,  the  maximum 
torque  transmission  capacity  Tc  of  the  clutch  21 
is  relatively  quickly  brought  to  a  steady  state  va- 
lue.  The  graph  of  Fig.  12  shows  along  the  vertical 
axis  the  magnitude  of  this  threshold  value  for  the 
absolute  value  of  the  difference  deltaN  between 
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the  rotational  speed  of  the  rear  vehicle  wheels 
and  the  rotational  speed  of  the  front  vehicle 
wheels,  and  shows  along  the  horizontal  axis  the 
magnitude  of  the  steering  angle  of  the  vehicle. 

In  other  words,  when  the  absolute  value  of  the  5 
difference  deltaN  between  the  rotational  speed  of 
the  rear  vehicle  wheels  and  the  rotational  speed 
of  the  front  vehicle  wheels  is  not  greater  than  said 
threshold  value  deltaNset  therefor,  which  is  deter- 
mined  to  be  greater  the  greater  is  the  vehicle  10 
steering  angle  but  to  be  positive  even  when  the 
steering  angle  is  substantially  zero,  then  the 
maximum  torque  transmitting  capacity  of  the 
clutch  21  is  steadily  reduced  until  it  is  substantial- 
ly  zero,  in  other  words  until  said  clutch  21  is  sub-  15 
stantially  disengaged.  In  this  operational  situation, 
the  center  differential  device  10  is  allowed  to  sub- 
stantially  freely  carry  out  its  differential  action,  so 
that  the  occurrence  of  the  so  called  tight  corner 
braking  phenomenon  is  avoided,  and  the  occur-  20 
rence  of  the  screwing  up  torque  phenomenon  du- 
ring  starting  off  of  the  vehicle  from  rest  is  also 
positively  avoided. 

On  the  other  hand,  when  said  absolute  value 
of  said  difference  deltaN  between  the  rotational  25 
speed  of  the  rear  vehicle  wheels  and  the  rotatio- 
nal  speed  of  the  front  vehicle  wheels  is  greater 
than  said  threshold  value  deltaNset  thus  calcula- 
ted  therefor,  then  the  maximum  torque  transmit- 
ting  capacity  of  the  clutch  21  is  steadily  increased  30 
by  the  amount  deltaTc,  so  that  the  operation  of 
the  center  differential  device  10  is  steadily  and 
progressively  more  and  more  restricted  by  the 
gradually  increasing  engagement  of  the  clutch  21  . 
In  this  operational  situation,  the  center  differential  35 
device  10  is  more  and  more  inhibited  from  car- 
rying  out  its  differential  action,  so  that  it  becomes 
progressively  locked  up  and  the  operational  state 
of  the  vehicle  progressively  approaches  the  so 
called  direct  drive  state  in  which  the  rotation  of  40 
the  front  wheels  and  the  rotation  of  the  rear 
wheels  are  directly  coupled  together.  Thereby, 
along  with  the  difference  deltaN  between  the  rota- 
tional  speed  of  the  rear  vehicle  wheels  and  the 
rotational  speed  of  the  front  vehicle  wheels  being  45 
progressively  diminished,  the  drive  characteristics 
of  the  vehicle  are  progressively  improved,  and  the 
poor  road  condition  trailblazability  of  the  vehicle  is 
also  improved. 

As  before,  it  should  also  be  noted  that,  once  50 
the  absolute  value  of  the  difference  deltaN  be- 
tween  the  rotational  speed  of  the  rear  vehicle 
wheels  and  the  rotational  speed  of  the  front  vehi- 
cle  wheels  rises  above  the  threshold  value  del- 
taNset  therefor,  even  when  subsequently  said  ab-  55 
solute  value  of  said  difference  deltaN  between 
the  rotational  speed  of  the  rear  vehicle  wheels 
and  the  rotational  speed  of  the  front  vehicle 
wheels  later  drops  below  said  threshold  value 
deltaNset  therefor  again,  the  maximum  torque  60 
transmitting  capacity  of  the  clutch  21  is  not  imme- 
diately  reduced  to  zero,  but  instead  said  maxi- 
mum  torque  transmitting  capacity  of  said  clutch 
21  is  reduced  to  zero  over  a  certain  time  period, 
progressively  by  successive  steps  each  of  magni-  65 

tude  deltaTc.  By  this  means,  the  occurrence  of 
the  so  called  hunting  phenomenon  is  avoided. 

As  a  modification  of  this  program  fragment,  a 
similar  program  fragment  whose  flow  chart  is 
shown  in  Fig.  13  may  be  utilized.  The  only  diffe- 
rence  between  the  program  whose  flow  chart  is 
shown  in  Fig.  8  and  the  program  whose  flow  chart 
is  shown  in  Fig.  11  is  that  in  Fig.  13  the  case  of 
exact  equality  between  deltaN  and  deltaNset  is 
not  catered  for,  the  practicability  of  which  simplifi- 
cation  will  be  clear  to  one  of  ordinary  skill  in  the 
relevant  art  without  undue  or  further  explanation. 

Fig.  13  shows  an  example  of  the  manner  in 
which  the  threshold  rotational  speed  difference 
value  deltaNset,  which  is  shown  along  the  vertical 
axis,  may  depend  upon  the  rotational  speed  Nr  of 
the  rear  vehicle  wheels  or  the  rotational  speed  Nf 
of  the  front  vehicle  wheels,  which  is  shown  along 
the  horizontal  axis,  for  various  values  of  the  stee- 
ring  angle  theta:  in  this  graph,  the  origin  does  not 
represent  a  zero  value  for  said  threshold  rotatio- 
nal  speed  difference  value  deltaNset,  but  on  the 
contrary  represents  a  positive  and  non  zero  basic 
value  therefor.  For  each  exemplary  value  of  the 
steering  angle  theta,  the  solid  line  in  Fig.  12 
shows  how  the  threshold  rotational  speed  diffe- 
rence  value  deltaNset  depends  upon  the  rotatio- 
nal  speed  Nr  of  the  rear  vehicle  wheels  if  said 
rotational  speed  Nr  of  the  rear  vehicle  wheels  is 
less  than  the  rotational  speed  Nf  of  the  front  vehi- 
cle  wheels,  while  on  the  other  hand  the  dashed 
line  shows  how  said  threshold  rotational  speed 
difference  value  deltaNset  depends  upon  said  ro- 
tational  speed  Nf  of  the  front  vehicle  wheels  if 
said  rotational  speed  Nf  of  the  front  vehicle 
wheels  is  less  than  the  rotational  speed  Nr  of  the 
rear  vehicle  wheels:  thus,  these  dependencies 
differ  slightly  in  degree. 

Second  Overall  Vehicle  Power  Train  Structure 

Fig.  14  is  a  schematic  longitudinal  skeleton  view 
of  a  power  train  of  a  vehicle,  which  incorporates  a 
control  device  for  controlling  a  four  wheel  drive 
vehicle  central  differential  operation  restriction  de- 
vice,  said  control  device  performing  the  fifth  pre- 
ferred  method  embodiment.  In  this  figure,  the  ref- 
erence  numeral  10  denotes  an  internal  combus- 
tion  engine  of  the  vehicle,  which  is  mounted,  in 
this  second  exemplary  case,  transversely  in  the 
front  engine  room  (not  particularly  shown)  of  said 
vehicle.  And  the  reference  numeral  12  denotes 
an  automatic  speed  change  device  (automatic 
transmission)  of  a  per  se  known  type  mounted  to 
the  side,  in  this  case,  of  the  engine  10,  while  14 
denotes  a  four  wheel  drive  power  transfer  device 
which  is  always  operating  in  so  called  full  time 
four  wheel  drive  mode,  so  as  always  to  drive  both 
the  rear  pair  of  wheels  of  the  vehicle  and  also  the 
front  pair  of  wheels  of  the  vehicle,  albeit  with  the 
differential  action  provided  by  this  four  wheel  dri- 
ve  power  transfer  device  14  being  selectably  eit- 
her  not  provided  at  all,  being  provided  to  a  limited 
degree,  or  being  fully  provided,  as  will  be  explai- 
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ned  in  detail  hereinafter. 
In  more  detail,  the  automatic  speed  change 

device  12  incorporates  a  fluid  torque  converter  16 
of  a  per  se  known  construction,  and  the  power 
input  member  16a  of  this  fluid  torque  converter  16 
is  connected  via  an  input  shaft  to  and  receives 
rotational  power  from  a  crank  shaft  of  the  internal 
combustion  engine  10.  And  the  fluid  torque 
converter  1  6  is  housed  within  a  torque  converter 
housing  which  is  fitted  against  and  is  secured  to 
the  main  body  of  the  internal  combustion  engine 
10,  while  the  automatic  speed  change  device  12 
comprises  a  gear  transmission  mechanism  18, 
which  is  likewise  housed  within  a  speed  change 
device  housing  fitted  against  and  secured  to  the 
torque  converter  housing.  And  the  input  shaft  of 
the  gear  transmission  mechanism  18  is  connec- 
ted  to  and  receives  rotational  power  from  the  po- 
wer  output  member  16b  of  the  fluid  torque 
converter  16;  and  thereby  the  gear  transmission 
mechanism  1  8  receives  rotational  power  from  the 
internal  combustion  engine  1  0,  with  a  certain  de- 
gree  of  slippage  and  also  torque  amplification 
being  provided  for  said  rotational  power  by  the 
fluid  torque  converter  16  (unless  a  lock  up  clutch 
thereof,  if  provided  thereto,  is  activated;  such  ar- 
rangements  are  not  particularly  shown)  as  is  per 
se  conventional.  This  gear  transmission  mecha- 
nism  18  may  for  the  purposes  of  this  specification 
be  of  a  per  se  known  type  incorporating  various 
planetary  gear  mechanisms  and  friction  engaging 
mechanisms  such  as  clutches  and  brakes,  and, 
according  to  selective  actuation  of  said  friction 
engaging  mechanisms  provided  in  a  per  se 
known  manner  by  an  electrically  controlled  elec- 
tric/hydraulic  control  mechanism  40  of  a  per  se 
known  sort  including  various  speed  change 
valves  and/or  solenoids  and  so  on,  provides  any 
one  of  a  plurality  of  speed  reduction  stages  be- 
tween  its  said  power  input  shaft  and  its  power 
output  shaft,  its  said  power  output  shaft  driving 
the  four  wheel  drive  power  transfer  device  14  via 
a  power  output  gear  wheel  38. 

This  four  wheel  drive  power  transfer  device  14 
incorporates  a  center  differential  device  42  of  a 
planetary  gear  wheel  type  for  providing  full  time 
differential  action  between  the  front  wheels  of  the 
vehicle  and  the  rear  wheels  of  the  vehicle  during 
the  full  time  four  wheel  drive  operation  thereof. 
Now  the  detailed  construction  of  this  center  diffe- 
rential  device  42  will  be  explained.  It  comprises  a 
differential  casing  46  provided  integrally  with  a 
power  input  gear  wheel  44  which  is  meshed  with 
the  aforementioned  power  output  gear  wheel  38 
of  the  gear  transmission  mechanism  18,  and  this 
differential  casing  supports  two  differential  pinions 
50,  each  by  its  own  pinion  shaft  48,  in  a  rotatable 
and  opposing  manner.  A  rear  wheel  power  output 
gear  wheel  52  and  a  front  wheel  power  output 
gear  wheel  54  are  provided,  also  opposing  one 
another,  and  each  being  meshed  constantly  with 
both  of  the  differential  pinions  50  in  a  per  se 
known  manner.  Accordingly,  as  the  power  input 
gear  wheel  44  of  the  center  differential  device  42 
is  rotated,  the  rear  wheel  power  output  gear 

wheel  52  and  the  front  wheel  power  output  gear 
wheel  54  are  driven,  with  differential  action  of  a 
perse  known  type  being  provided  between  them, 
absent  the  operation  of  a  clutch  64  which  will  be 

5  described  shortly. 
A  rear  wheel  power  output  gear  wheel  56  is 

fixedly  mounted  to  the  rear  wheel  power  output 
gear  wheel  52,  which  functions  as  one  power  out- 
put  member  for  the  center  differential  device  42 

10  for  supplying  power  to  the  rear  wheels  of  the  ve- 
hicle,  and  drives,  via  a  gear  wheel  60,  a  rear 
wheel  power  output  shaft  58  which  extends  out  of 
the  four  wheel  drive  power  transfer  device  14  in 
the  direction  to  the  bottom  as  seen  in  Fig.  14,  i.e. 

15  towards  the  rear  of  the  vehicle  in  this  particular 
exemplary  implementation.  The  rear  end  of  this 
rear  wheel  power  output  shaft  58  is  connected  to 
a  differential  device,  (not  particularly  shown),  for 
driving  the  rear  wheels  (also  not  shown)  of  the 

20  vehicle.  And  a  hollow  sleeve  shaped  intermediate 
front  wheel  drive  shaft  62  functions  as  another 
power  output  member  for  the  center  differential 
device  42  for  supplying  power  to  the  front  wheels 
of  the  vehicle,  and  is  fixedly  connected  to  the 

25  front  wheel  power  output  gear  wheel  54  and 
connects  it  to  the  differential  casing  84  of  a  front 
wheel  differential  device  82.  This  differential  ca- 
sing  84  of  this  front  wheel  differential  device  82 
supports  two  differential  pinions  88,  each  by  its 

30  own  pinion  shaft  86,  in  a  rotatable  and  opposing 
manner.  A  right  side  front  wheel  power  output 
gear  wheel  90  and  a  left  side  front  wheel  power 
output  gear  wheel  92  are  provided,  also  opposing 
one  another,  and  each  being  meshed  constantly 

35  with  both  of  the  differential  pinions  88  in  a  per  se 
known  manner.  Accordingly,  as  the  sleeve  sha- 
ped  intermediate  front  wheel  drive  shaft  62  is  ro- 
tated  by  the  center  differential  device  42,  the  right 
side  front  wheel  power  output  gear  wheel  90  and 

40  the  left  side  front  wheel  power  output  gear  wheel 
92  are  driven,  with  differential  action  of  a  per  se 
known  type  being  provided  between  them.  And 
said  right  side  front  wheel  power  output  gear 
wheel  90  drives  the  right  side  front  wheel  of  the 

45  vehicle  (not  shown)  via  a  right  side  front  wheel 
power  output  shaft  94  which  passes  right  side 
through  the  center  differential  device  42,  while 
said  left  side  front  wheel  power  output  gear  wheel 
92  drives  the  left  side  front  wheel  of  the  vehicle 

50  (also  not  shown)  via  a  left  side  front  wheel  power 
output  shaft  96. 

Within  the  four  wheel  drive  power  transfer  de- 
vice  14  there  is  provided  a  hydraulically  operated 
wet  type  clutch  64,  which  selectively  rotationally 

55  connects  together  the  sleeve  shaped  interme- 
diate  front  wheel  drive  shaft  62  and  the  differen- 
tial  casing  46,  either  completely  or  partially,  or 
alternatively  allows  said  members  to  rotate  freely 
with  respect  to  one  another.  This  wet  clutch  64, 

60  the  construction  and  the  actuation  of  which  will  be 
explained  in  some  detail  shortly,  is  selectively 
operated  to  a  greater  or  lesser  engagement  ex- 
tent  (this  expression  relates  to  the  maximum 
torque  transmission  capability  of  said  wet  clutch 

65  64)  by  supply  of  actuating  hydraulic  fluid  pressure 
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wer  output  shaft  58  and  the  sleeve  shaped  inter- 
mediate  front  wheel  drive  shaft  62,  i.e.  so  as  to 
distribute  the  rotational  power  provided  from  the 
engine  10  via  the  automatic  speed  change  device 
12  directly  to  the  rear  wheels  of  the  vehicle  taken 
as  a  combination  and  also  to  the  front  wheels  of 
the  vehicle  taken  as  a  combination  in  an  even 
fashion  without  any  provision  of  any  differential 
effect  at  all  between  said  combinations.  And,  in 
the  intermediate  case  between  these  two  extre- 
mes,  when  said  clutch  64  of  said  four  wheel  drive 
power  transfer  device  14  is  operated  by  said  elec- 
trically  actuated  electric/hydraulic  control  device 
74  so  as  somewhat  to  rotationally  connect  toget- 
her  said  intermediate  front  wheel  drive  shaft  62 
and  said  transmission  casing  46,  i.e.  so  as  to 
provide  a  certain  relatively  limited  degree  of  drag- 
ging  or  torque  transmitting  effect  between  these 
members,  then  said  center  differential  device  42 
functions  so  as  to  provide  its  differential  effect 
between  said  rear  wheel  power  output  shaft  58 
and  said  sleeve  shaped  intermediate  front  wheel 
drive  shaft  62  to  a  relatively  limited  or  partial  de- 
gree,  i.e.  so  as  to  receive  rotational  power  provi- 
ded  by  said  engine  10  of  said  vehicle  and  trans- 
mitted  to  said  four  wheel  drive  power  transfer  de- 
vice  14  via  said  automatic  speed  change  device 
12,  and  to  distribute  said  rotational  power,  while 
providing  a  partially  damped  differential  effect, 
between  said  rear  wheels  of  said  vehicle  taken  as 
a  combination  and  said  front  wheels  of  said  vehi- 
cle  taken  as  a  combination. 

of  a  greater  or  lesser  pressure  value  from  an 
electrically  actuated  electric/hydraulic  control  de- 
vice  74,  an  exemplary  construction  for  which  will 
be  outlined  hereinafter.  Accordingly,  the  four 
wheel  drive  power  transfer  device  14,  which  re-  5 
ceives  rotational  power  input  from  the  gear  trans- 
mission  mechanism  18  and  outputs  said  rotatio- 
nal  power  to  the  rear  wheel  power  output  shaft  58 
and  to  the  sleeve  shaped  intermediate  front 
wheel  drive  shaft  62,  can  be  caused  either  to  10 
provide  (in  the  case  that  the  wet  clutch  64  is  fully 
disengaged)  substantially  free  differential  action 
for  distributing  said  rotational  power  between  said 
rear  wheel  power  output  shaft  58  and  said  sleeve 
shaped  intermediate  front  wheel  drive  shaft  62,  or  15 
not  to  provide  (in  the  case  that  the  wet  clutch  64 
is  fully  engaged)  any  such  differential  action  at  all 
and  just  to  drive  said  shafts  58  and  62  inde- 
pendently,  or  to  provide  (in  the  case  that  the  wet 
clutch  64  is  partially  but  not  fully  engaged)  a  20 
condition  intermediate  between  these  two  ex- 
treme  conditions,  so  as  to  partly  allow  the  center 
differential  device  42  to  provide  its  differential  ac- 
tion  for  distributing  said  rotational  power  between 
said  rear  wheel  power  output  shaft  58  and  said  25 
sleeve  shaped  intermediate  front  wheel  drive 
shaft  62  to  some  extent,  while  being  somewhat 
impeded  by  the  dragging  action  of  the  clutch  64, 
up  to  a  certain  maximum  dragging  action  amount, 
which  is  determined  by  the  maximum  torque  30 
transmission  capacity  of  said  wet  clutch  64  in  the 
particular  operational  circumstances. 

35  The  Actuating  System  for  the  Clutch  64 Operation  of  this  Power  Train 

This  vehicle  power  train  operates  as  follows. 
When  the  clutch  64  of  the  four  wheel  drive  power 
transfer  device  14  is  operated  by  the  electrically 
actuated  electric/hydraulic  control  device  74  so 
as  not  at  all  to  rotationaliy  connect  together  the 
intermediate  front  wheel  drive  shaft  62  and  the 
transmission  casing  46,  then  the  center  differenti- 
al  device  42  functions  so  as  to  provide  its  diffe- 
rential  effect  between  the  rear  wheel  power  out- 
put  shaft  58  and  the  sleeve  shaped  intermediate 
front  wheel  drive  shaft  62  in  full  measure,  i.e.  so 
as  to  receive  rotational  power  provided  by  the 
engine  10  of  the  vehicle  and  transmitted  to  said 
four  wheel  drive  power  transfer  device  14  via  the 
automatic  speed  change  device  12,  and  to  distri- 
bute  said  rotational  power,  while  providing  a  non 
damped  differential  effect,  between  the  rear  whe- 
els  of  the  vehicle  taken  as  a  combination  and  the 
front  wheels  of  the  vehicle  taken  as  a  combina- 
tion.  On  the  other  hand,  when  the  clutch  64  of  the 
four  wheel  drive  power  transfer  device  14  is  ope- 
rated  by  the  electrically  actuated  electric/hydraulic 
control  device  74  so  as  to  completely  rotationally 
connect  together  the  intermediate  front  wheel  dri- 
ve  shaft  62  and  the  transmission  casing  46,  i.e. 
so  as  to  provide  an  effectively  unlimited  degree  of 
torque  transmission,  then  the  center  differential 
device  42  functions  so  as  to  provide  no  such  dif- 
ferential  effect  at  all  between  the  rear  wheel  po- 

The  central  differential  control  clutch  64  and  its 
actuating  system  may  be  substantially  as  shown 
in  Fig.  2  with  respect  to  the  first  preferred  embodi- 
ment  and  described  above,  and  hence  no  particu- 
lar  discussion  thereof  will  be  given  herein  in  the 
interests  of  brevity  of  disclosure.  The  electrically 
actuated  electric/hydraulic  control  device  74,  to 
define  its  action  in  a  functional  sense,  supplies  a 
hydraulic  fluid  pressure  of  any  desired  pressure 
level  from  substantially  zero  up  to  line  pressure  to 
the  pressure  chamber  of  the  servo  device  for  the 
clutch  64,  according  to  the  value  of  an  electrical 
control  signal  supplied  to  it;  this  electric  signal 
may  be  a  pulse  signal,  and  the  duty  ratio  of  said 
pulse  signal  may  control  the  pressure  supplied  to 
said  pressure  chamber  of  said  servo  device,  for 
example.  Thus,  by  varying  the  value  of  said  elec- 
trical  signal,  it  is  possible  to  vary  the  degree  of 
torque  transmission  between  the  intermediate 
front  wheel  drive  shaft  62  and  the  transmission 
casing  46  of  the  center  differential  device  42  be- 
tween  substantially  zero  and  a  substantially  maxi- 
mum  value.  This  controlling  pulse  electrical  signal 
is  supplied  from  a  transmission  control  device 
100,  now  to  be  explained. 

40 

45 

50 

55 

60 

The  Transmission  Control  System 

Referring  to  Fig.  14,  it  will  be  seen  that  the  follo- 65 

21 



EP  0  245  069  B1 

41 42 

wing  detectors  and  sensors  are  provided  to  this 
system.  A  rear  wheels  rotational  speed  sensor 
108  detects  a  value  representative  of  the  rotatio- 
nal  speed  of  the  rear  wheels  of  the  vehicle  by 
measuring  the  rotational  speed  of  a  member  rota- 
tionally  coupled  to  the  rear  wheel  power  output 
shaft  58,  or  the  like,  and  outputs  an  electrical 
signal  representative  thereof.  A  front  wheels  rota- 
tional  speed  sensor  106  detects  a  value  repre- 
sentative  of  the  rotational  speed  of  the  front  whe- 
els  of  the  vehicle  by  measuring  the  rotational  spe- 
ed  of  a  member  rotationally  coupled  to  the  sleeve 
shaped  intermediate  front  wheel  drive  shaft  62,  or 
the  like,  and  outputs  an  electrical  signal  repre- 
sentative  thereof.  A  throttle  position  sensor  102 
detects  a  value  representative  of  the  current  load 
on  the  internal  combustion  engine  10  by  measu- 
ring  the  opening  angle  of  the  throttle  valve  (not 
particularly  shown)  of  a  carburetor  (not  shown  eit- 
her)  of  said  engine  10,  and  outputs  an  electrical 
signal  representative  thereof.  And  a  set  range 
sensor  104  detects  the  set  position  of  a  manual 
range  setting  valve  which  is  provided  for  the 
transmission  mechanism  12,  or  of  a  setting  me- 
ans  therefor,  and  outputs  an  electrical  signal  rep- 
resentative  thereof;  this  manual  range  setting  val- 
ve  is  not  particularly  shown  in  the  figures,  but  said 
setting  means  therefor  is  provided  in  the  passen- 
ger  compartment  of  the  vehicle  so  as  to  be  readi- 
ly  accessible  to  the  driver  of  the  vehicle,  and  can 
be  set  to  any  one  of  a  number  of  set  positions 
corresponding  to  various  operational  ranges  for 
the  transmission  mechanism  12  such  as  "D"  ran- 
ge,  "12"  range,  "L"  range,  "R"  range,  "N"  range, 
and  "P"  range.  The  output  signals  of  these  four 
sensors  108,  106,  102,  and  104  are  fed  to  a 
transmission  control  device  1  00. 

This  transmission  control  device  1  00  outputs 
control  signals  for  controlling  the  electric/hydraulic 
control  device  74  for  the  four  wheel  drive  power 
transfer  device  14  and  the  electrical/hydraulic 
control  mechanism  40  for  the  gear  transmission 
mechanism  18,  according  to  principles  which  in- 
corporate  the  concept  of  the  fifth  preferred  embo- 
diment  of  a  vehicle  central  differential  operation 
restriction  device  control  method  of  the  present 
invention,  as  will  be  explained  hereinafter.  No 
concrete  illustration  of  the  structure  of  any  parti- 
cular  realization  of  the  transmission  control  de- 
vice  100  will  be  given  herein,  since  various  possi- 
bilities  for  the  details  thereof  can  be  easily  sup- 
plemented  by  one  of  ordinary  skill  in  the  electro- 
nic  and  computer  programming  art  based  upon 
the  functional  disclosures  set  out  in  this  specifica- 
tion.  In  the  preferred  embodiments  of  the  device 
and  the  method  of  the  present  invention,  the 
transmission  control  device  100  is  concretely  rea- 
lized  as  a  micro  computer  and  its  associated  cir- 
cuitry,  said  micro  computer  operating  at  the  be- 
hest  of  a  control  program  which  will  not  be  com- 
pletely  detailed,  since  the  details  thereof  which 
are  not  disclosed  herein  can  likewise  be  easily 
supplemented  by  one  of  ordinary  skill  in  the  elec- 
tronic  and  computer  programming  art  based  upon 
the  functional  disclosures  set  out  in  this  specifica- 

tion.  However,  it  should  be  particularly  unders- 
tood  that  such  realizations  in  the  micro  computer 
form,  although  preferred,  are  not  the  only  ways  in 
which  the  transmission  control  device  100  can  be 

5  provided;  in  other  possible  embodiments  it  could 
be  constituted  as  an  electrical  device  not  incorpo- 
rating  a  microprocessor.  In  the  preferred  case, 
however,  such  a  microprocessor  will  typically 
comprise:  a  CPU  (central  processing  unit)  which 

10  obeys  said  control  program  to  be  described  short- 
ly  and  which  inputs  data,  performs  calculations, 
and  outputs  data;  a  ROM  (read  only  memory) 
which  stores  said  program  to  be  described  shortly 
and  initialization  data  therefor  and  so  on;  and  a 

15  RAM  (random  access  memory)  which  stores  the 
results  of  certain  intermediate  calculations  and 
data  and  so  on;  and  these  devices  together  will 
constitute  a  logical  calculation  circuit,  being  joined 
together  by  a  common  bus  which  also  links  them 

20  to  an  input  port  and  an  output  port  which  together 
perform  input  and  output  for  the  system.  And  the 
system  will  typically  also  include  buffers  for  the 
electrical  signals  outputted  from  the  various  sen- 
sors  and  switches  46  through  104  to  the  input 

25  port  device,  and  drive  circuits  through  which  ac- 
tuating  electrical  signals  are  passed  from  the  out- 
put  port  device  to  a  speed  change  control  sole- 
noid  or  solenoids  of  the  electrical/hydraulic 
control  mechanism  40  for  controlling  the  automat- 

30  ic  speed  change  device  12  and  to  the  solenoid  or 
the  like  of  the  electric/hydraulic  control  device  74 
for  controlling  the  torque  transmission  capacity  of 
the  clutch  64  of  the  four  wheel  drive  power  trans- 
fer  device  14  by  supplying  appropriate  hydraulic 

35  fluid  pressure  to  the  pressure  chamber  of  the  ac- 
tuator  thereof.  It  should  be  understood  that  the 
transmission  control  device  100  generally  func- 
tions  so  as  to  engage  an  appropriate  one  of  the 
various  speed  stages  of  the  gear  transmission 

40  mechanism  1  8  of  the  transmission  mechanism  1  2 
according  to  the  current  values  of  various  vehicle 
operating  parameters  such  as  the  vehicle  road 
speed  as  sensed  by  one  or  another  or  both  of  the 
rear  wheels  rotational  speed  sensor  108  and  the 

45  front  wheels  rotational  speed  sensor  106,  the  en- 
gine  load  (throttle  opening)  as  sensed  by  the 
throttle  position  sensor  102,  and  the  operating 
range  of  the  transmission  as  manually  set  by  the 
vehicle  driver  on  the  setting  means  therefor  as 

50  sensed  by  the  set  range  sensor  104;  such  a 
transmission  shift  stage  selection  function  may  be 
performed  in  a  per  se  conventional  way,  and  no 
particular  details  thereof  will  be  shown  or  sugges- 
ted  in  this  specification,  since  various  possibilities 

55  for  the  details  thereof  can  be  easily  supplemented 
as  appropriate  by  one  of  ordinary  skill  in  the 
transmission  control  and  the  programming  arts, 
particularly  when  based  upon  the  functional  dis- 
closures  set  out  in  this  specification.  Further,  said 

60  transmission  control  device  100  generally  func- 
tions  as  will  now  be  explained,  so  as  to  control 
the  torque  transmission  capacity  of  the  clutch  64 
of  the  center  differential  device  42  of  the  four 
wheel  drive  power  transfer  device  14,  according 

65  to  the  current  values  of  the  rotational  speed  of  the 
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or  not  the  current  value  of  the  rear  wheels  rotatio- 
nal  speed  Nr  is  smaller  than  the  set  value  Nseti  . 
If  the  current  value  of  Nr  is  in  fact  less  than 
Nseti  ,  the  flow  of  control  passes  next  to  the  step 
103,  whereas,  if  the  current  value  of  Nr  is  not  less 
than  Nsefl,  the  flow  of  control  proceeds  out  of 
this  program  fragment  to  another  program  stage 
not  particularly  shown.  At  this  point  setting  of  the 
duty  ratio  Sd  of  the  solenoid  of  the  electrically 
actuated  electric/hydraulic  control  device  74  is 
carried  according  to  various  other  conditions. 

The  step  1  03  is  executed  when  at  least  one  of 
the  rear  wheels  rotational  speed  Nr  and  the  front 
wheels  rotational  speed  Nf  is  not  more  than  the 
preset  value  Nsetf,  and,  in  this  step  103,  a  test  is 
made  as  to  whether  or  not  the  rotational  speed 
difference  deltaN  between  the  rear  wheels  rota- 
tional  speed  Nr  and  the  front  wheels  rotational 
speed  Nf  is  greater  than  a  predetermined  set  va- 
lue  deltaNseti  .  The  value  deltaNseti  is  set  in  ad- 
vance  to  be  a  relatively  small  value,  for  example 
50  rpm,  and,  when  deltaN  is  greater  than  deltaN- 
set1  ,  a  decision  is  made  that  one  at  least  of  the 
front  wheels  or  one  at  least  of  the  rear  wheels  is 
slipping  with  respect  to  the  road  surface,  and  in 
this  case  the  flow  of  control  proceeds  to  the  step 
104;  whereas,  when  deltaN  is  not  greater  than 
deltaNseti  ,  a  decision  is  made  that  none  of  either 
the  front  wheels  or  the  rear  wheels  are  slipping 
with  respect  to  the  road  surface,  and  the  flow  of 
control  proceeds,  as  before,  out  of  this  program 
fragment  to  another  program  stage  not  particular- 
ly  shown.  At  this  point  setting  of  the  duty  ratio  Sd 
of  the  solenoid  of  the  electrically  actuated  elec- 
tric/hydraulic  control  device  74  is  carried  accor- 
ding  to  various  other  conditions. 

The  step  104  is  executed  when  at  least  one  of 
the  front  wheels  rotational  speed  Nf  and  the  rear 
wheels  rotational  speed  Nr  is  not  more  than  the 
predetermined  value  Nseti,  and  the  rotational 
speed  difference  between  the  front  and  rear 
wheels  deltaN  is  not  less  than  the  predetermined 
value  deltaNseti  ,  in  other  words  when  the  condi- 
tions  for  torque  transmission  capacity  increase 
are  being  met.  In  this  step  104,  the  value  of  the 
flag  F1  is  set  to  1  ,  the  value  of  a  flag  F3  which 
indicates  that  torque  transmission  capacity  in- 
crease  is  not  active  is  set  to  0,  a  timer  TM1  is 
started,  and  the  duty  ratio  Sd  of  the  signal  being 
sent  by  the  transmission  control  device  100  to  the 
solenoid  or  the  like  incorporated  in  the  electrically 
actuated  electric/hydraulic  control  device  74  is  set 
to  D1  +  AD2.  The  value  D1  is  a  fixed  value,  and 
the  value  AD2  is  a  throttle  opening  proportionality 
value  which  is  set  to  a  value  depending  on  the 
throttle  opening  which  is  larger  when  the  throttle 
opening  is  larger.  Therefore  the  solenoid  control 
signal  duty  ratio  Sd  is  a  value  which  is  larger 
when  the  throttle  opening  is  large.  After  the  step 
104,  the  flow  of  control  passes  next  to  the  step 
105. 

In  the  step  105,  a  test  is  made  as  to  whether 
or  not  the  duty  ratio  value  of  the  solenoid  control 
signal  Sd  is  greater  than  a  predetermined  value 
Sdset.  When  the  duty  ratio  value  of  the  signal  Sd 

rear  vehicle  wheels  as  sensed  by  the  rear  wheels 
rotational  speed  sensor  108  and  the  rotational 
speed  of  the  front  vehicle  wheels  as  sensed  by 
the  front  wheels  rotational  speed  sensor  106;  in 
particular,  according  to  the  difference  between 
said  rear  and  front  wheels  rotational  speeds. 

The  Control  According  to  the  Fifth  Method 
Embodiment  10 

Fig.  15  shows  a  fragmentary  flow  chart  for  a  por- 
tion  of  the  aforementioned  control  program  which 
directs  the  operation  of  the  transmission  control 
device  100,  according  to  a  four  wheel  drive  vehi-  15 
cle  central  differential  operation  restriction  device 
control  device,  so  as  to  realize  the  second  prefer- 
red  embodiment  of  the  four  wheel  drive  vehicle 
central  differential  operation  restriction  device 
control  method  of  the  present  invention.  This  flow  20 
chart  will  now  be  explained;  no  particular  pro- 
gramming  steps  for  implementing  said  flow  chart 
are  shown  or  suggested  in  this  specification,  sin- 
ce  various  possibilities  for  the  details  thereof  can 
be  easily  supplemented  as  appropriate  by  one  of  25 
ordinary  skill  in  the  programming  art,  particularly 
when  based  upon  the  functional  disclosures  set 
out  in  this  specification.  The  flow  chart  of  Fig.  15 
only  shows  the  portion  of  the  control  program  of 
the  transmission  control  device  100  which  con-  30 
trols  the  supply  of  actuating  hydraulic  fluid  pres- 
sure  to  the  clutch  64  of  the  center  differential  de- 
vice  42  of  the  four  wheel  drive  power  transfer 
device  14,  i.e.  to  the  electrically  actuated  elec- 
tric/hydraulic  control  device  74,  and  further  only  35 
shows  this  process  in  schematic  form;  said  Fig. 
15  flow  chart  therefore  does  not  show  the  portion 
of  said  control  program  relating  to  the  control  pro- 
vided  for  the  gear  transmission  mechanism  18  of 
the  transmission  mechanism  12.  This  fragment  40 
will  be  sufficient  for  exemplifying  the  principles  of 
the  present  invention.  This  program  portion  is 
executed  at  regular  intervals  of  for  example  a  few 
milliseconds,  of  course  after  the  engine  10  is 
started  as  the  vehicle  incorporating  it  is  driven.  45 

In  this  flow  chart,  first,  in  the  step  1  00,  a  test  is 
made  as  to  whether  or  not  the  current  value  of  a 
flag  F1  is  1  .  The  flag  F1  is  a  flag  which  indicates, 
when  a  vehicle  wheel  is  slipping,  that  torque 
transmission  capacity  increase  control  is  being  50 
carried  out,  and,  when  in  fact  the  current  value  of 
the  flag  F1  is  1  ,  the  flow  of  control  passes  next  to 
the  step  108,  whereas  when  on  the  other  hand  the 
current  value  of  the  flag  F1  is  not  1  the  flow  of 
control  passes  next  to  the  step  101.  55 

In  the  step  101,  a  test  is  made  as  to  whether 
or  not  the  current  value  of  the  front  wheels  rota- 
tional  speed  Nf  is  smaller  than  a  predetermined 
value  Nseti  .  The  set  value  Nseti  is  an  extremely 
small  value  close  to  0,  and,  when  the  current  va-  60 
lue  of  Nf  is  less  than  Nseti  ,  the  flow  of  control 
passes  next  to  the  step  103,  whereas,  when  cur- 
rent  value  of  Nf  is  not  less  than  Nseti  ,  the  flow  of 
control  passes  next  to  the  step  102. 

In  the  step  102,  a  test  is  made  as  to  whether  65 
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is  not  greater  than  Sdset,  the  flow  of  control 
passes  directly  to  the  step  1  07,  whereas,  when 
the  duty  ratio  value  of  the  solenoid  control  signal 
Sd  is  greater  than  Sdset,  the  flow  of  control  pro- 
ceeds  to  the  step  106. 

In  the  step  106,  the  duty  ratio  Sd  of  the  sole- 
noid  control  signal  is  set  to  the  set  value  Sdset, 
and  next  the  flow  of  control  passes  next  to  the 
step  107. 

In  the  step  107,  a  solenoid  control  signal  with 
the  duty  ratio  value  Sd  is  output  to  the  solenoid 
incorporated  in  the  electrically  actuated  elec- 
tric/hydraulic  control  device  74  which  controls  the 
supply  of  hydraulic  fluid  pressure  to  the  servo 
chamber  of  the  clutch  62. 

The  step  108  is  executed  after  the  beginning 
of  torque  transmission  capacity  increase  control, 
and,  in  this  step  108,  a  test  is  made  as  to  whether 
or  not  the  current  value  of  the  flag  F3  is  1  .  The 
flag  F3  is  a  flag  showing  that  torque  transmission 
capacity  increase  control  is  not  in  effect,  and, 
when  the  current  value  of  said  flag  F3  is  in  fact  1  , in  order  to  continue  not  applying  the  torque  trans- 
mission  capacity  increase  control,  the  flow  of 
control  proceeds  to  the  step  118,  whereas  when 
the  current  value  of  said  flag  F3  is  in  fact  not  1  , the  flow  of  control  passes  next  to  the  step  109. 

In  the  step  109,  a  test  is  made  as  to  whether 
or  not  the  front  wheels  rotational  speed  Nf  is  grea- 
ter  than  a  predetermined  value  Nset2.  The  set 
value  Nset2  is  set  to  be  sufficiently  larger  than  the 
other  set  value  Nseti,  and,  when  Nf  is  greater 
than  Nset2,  the  flow  of  control  passes  next  to  the 
step  110,  whereas,  when  Nf  is  not  greater  than 
Nset2,  the  flow  of  control  proceeds  to  the  step 
111. 

In  the  step  1  10,  a  test  is  made  as  to  whether 
or  not  the  rear  wheels  rotational  speed  Nr  is  grea- 
ter  than  the  set  value  Nset2.  If  Nr  is  greater  than 
Nset2,  the  flow  of  control  proceeds  to  the  step 
117,  whereas,  if  Nr  is  not  greater  than  Nset2,  the 
flow  of  control  proceeds  to  1  1  1  . 

The  step  111  is  executed  when  one  of  the 
front  wheels  rotational  speed  Nf  and  the  rear 
wheels  rotational  speed  Nr  is  less  than  the  value 
Nset2,  and  the  conditions  for  stopping  the  appli- 
cation  of  torque  transmission  capacity  increase 
control  are  not  being  met,  and,  in  this  step  1  1  1  ,  a 
test  is  made  as  to  whether  or  not  the  current 
value  of  a  flag  F2  is  1  .  This  flag  F2  is  a  flag  which 
indicates  the  completion  of  torque  transmission 
capacity  increase  control,  and,  when  the  current 
value  of  the  flag  F2  is  1,  the  flow  of  control 
passes  next  to  the  step  115,  whereas,  when  the 
current  value  of  the  flag  F2  is  not  equal  to  1  ,  the 
flow  of  control  passes  next  to  the  step  112. 

In  the  step  1  12,  a  test  is  made  as  to  whether 
or  not  the  rotational  speed  difference  deltaN  be- 
tween  the  front  wheels  rotational  speed  Nf  and 
the  rear  wheels  rotational  speed  Nr  is  not  more 
than  a  certain  value  deltaNset2.  The  value  del- 
taNset2  is  set  to  be  an  extremely  small  value 
such  as  for  example  5  rpm,  and  when  deltaN  is 
less  than  de!taNset2,  the  flow  of  control  proceeds 
to  the  step  114,  whereas  when  deltaN  is  not  less 

than  deltaNset2,  the  flow  of  control  passes  next 
to  the  step  113. 

In  the  step  113,  the  duty  ratio  Sd  of  the  sole- 
noid  control  signal  is  gradually  increased  with  the 

5  passage  of  time  by  Sd  +  B1  •  TM1.  After  this  step 
113,  the  flow  of  control  passes  next  to  the  step 
105. 

In  the  step  114,  the  current  value  of  the  flag 
F2  is  set  to  1  ,  and  the  timer  TM2  is  started.  After 

10  this  step  114,  the  flow  of  control  passes  next  to 
the  step  113. 

In  the  step  1  15,  a  test  is  made  as  to  whether 
the  current  counted  value  of  the  timer  TM2  is  at 
least  a  predetermined  timer  set  value  TMset, 

15  which  may  for  example  corresponding  to  a  time 
interval  of  approximately  0.5  seconds.  If  the  cur- 
rent  counted  value  of  the  timer  TM2  is  greater 
than  TMset,  then  the  flow  of  control  passes  next 
to  the  step  116,  whereas,  if  the  current  counted 

20  value  of  the  timer  TM2  is  not  greater  than  TMset, 
the  flow  of  control  passes  next  to  the  step  113. 

In  the  step  116,  the  duty  ratio  Sd  of  the  sole- 
noid  control  signal  is  set  to  1  (100  %).  After  this 
step  116,  the  flow  of  control  passes  next  to  the 

25  step  107. 
Thereby,  during  this  torque  transmission  ca- 

pacity  increase  control,  the  duty  ratio  Sd  is,  as 
shown  in  Fig.  16  which  is  a  time  chart  relating  to 
the  operation  of  these  fifth  preferred  embodi- 

30  ments  in  which  time  is  shown  along  the  horizontal 
direction  and  the  absolute  value  of  the  difference 
deltaN  between  the  rotational  speed  Nr  of  the 
rear  vehicle  wheels  and  the  rotational  speed  Nf  of 
the  front  vehicle  wheels  and  also  the  duty  ratio  Sd 

35  are  both  shown  along  the  vertical  direction,  first 
increased  rapidly  with  the  beginning  of  the  flow  of 
control  by  D1  +  AD2,  after  which  it  is  increased 
gradually  with  time  by  Sd  +  B1  •  TM1,  and,  when 
the  duty  ratio  Sd  would  become  at  least  a  certain 

40  value  Sdset,  it  is  maintained  at  that  certain  value 
Sdset,  and,  after  the  rotational  speed  difference 
between  the  front  and  rear  wheels  deltaN  has 
become  not  more  than  a  certain  value  deltaN- 
set2,  and  then  a  time  determined  by  a  timer  set 

45  value  TMset  has  elapsed,  the  duty  ratio  Sd  is  set 
to  its  maximum  value  of  1.  Since  the  solenoid 
control  signal  determined  by  this  duty  ratio  Sd  is 
supplied  to  the  electrically  actuated  electric/hy- 
draulic  control  device  74  which  controls  the  clutch 

50  64,  the  engagement  amount  of  said  clutch  64,  or 
in  other  words  the  maximum  torque  transmission 
capacity  thereof,  increases  with  similar  charac- 
teristics  to  the  duty  ratio  characteristics  shown  in 
Fig.  16. 

55  The  step  117  is  executed  when  both  of  the 
front  wheels  rotational  speed  Nf  and  the  rear 
wheels  rotational  speed  Nr  are  at  least  the  value 
Nset2,  in  other  words  when  the  conditions  for 
stopping  this  mode  of  control  hold,  and,  in  this 

60  step  117,  the  value  of  the  flag  F3  is  set  to  1  ,  the 
value  of  the  flag  F2  is  set  to  0,  a  timer  TM3  is 
started,  and  then  the  duty  ratio  Sd  of  the  solenoid 
control  signal  is  set  to  D3  +  AD4.  After  this  step 
117,  the  flow  of  control  passes  next  to  the  step 

65  119. 
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The  step  118  is  executed  when  the  current 
value  of  the  flag  F3  is  equal  to  1,  or  in  other 
words  when  the  conditions  for  stopping  this  mode 
of  control  already  hold,  and,  in  this  step  118,  the 
solenoid  control  signal  duty  ratio  Sd  is  reduced  5 
with  the  passage  of  time  by  Sd  -  B1  •  TM3.  After 
this  step  118,  the  flow  of  control  passes  next  to 
the  step  1  1  9. 

In  the  step  119,  a  test  is  made  as  to  whether  • 
or  not  the  duty  ratio  Sd  of  the  solenoid  control  10 
signal  is  zero  or  a  value  not  substantially  greater 
than  zero.  If  Sd  is  less  than  or  equal  to  zero,  the 
flow  of  control  passes  next  to  the  step  120,  and  in 
this  step  120  the  value  of  the  flag  F1  is  set  to 
zero.  After  this  step  120,  the  flow  of  control  15 
passes  next  to  the  step  1  07. 

Thus,  when  the  torque  transmission  capacity 
increase  control  is  stopped,  with  the  beginning 
thereof  the  duty  ratio  Sd  of  the  solenoid  control 
signal  suddenly  decreases,  as  shown  in  Fig.  16,  20 
by  D3  +  AD4,  and  thereafter  is  reduced  gradually 
with  the  passage  of  time  by  Sd  -  B1  •  TM3,  and 
accordingly  the  torque  transmission  capacity  of 
the  differential  control  clutch  64  is  reduced. 

By  carrying  out  control  according  to  the  above  25 
described  flowchart,  when  either  of  the  rear  wheel 
rotational  speed  Nr  or  the  front  wheel  rotational 
speed  Nf  is  not  more  than  a  certain  value  and 
also  the  rotational  speed  difference  between  the 
front  and  rear  wheels  is  at  least  a  certain  value,  30 
then  thereafter  provided  only  that  neither  of  the 
rear  wheel  rotational  speed  Nr  or  the  front  wheel 
rotational  speed  Nf  increases  so  far  as  to  exceed 
a  certain  value,  the  engagement  pressure,  that  is 
to  say  the  torque  transmission  capacity,  of  the  35 
differential  control  clutch  64  is  increased,  and  the 
differential  effect  of  the  center  differential  device 
42  is  restricted,  and,  when  both  of  the  rear  wheel 
rotation  speed  Nr  and  the  front  wheel  rotation 
speed  Nf  have  increased  to  exceed  a  certain  va-  40 
lue,  the  engagement  pressure,  that  is  to  say  the 
torque  transmission  capacity,  of  the  differential 
control  clutch  64  is  reduced,  and  the  restriction  of 
the  differential  effect  of  the  center  differential  de- 
vice  42  is  abolished.  45 

although  the  comparison  between  the  rotational 
speed  of  the  rear  vehicle  wheels  and  the  rotatio- 
nal  speed  of  the  front  vehicle  wheels  was,  in  all 
the  above  described  preferred  embodiments,  de- 
fined  by  the  difference  between  said  rotational 
speeds,  equally  well  the  ratio  of  said  rotational 
speeds  could  be  taken.  Therefore,  although  the 
present  invention  has  been  shown  and  described 
in  terms  of  the  preferred  embodiments  of  a  me- 
thod  thereof,  and  with  reference  to  the  appended 
drawings,  it  should  not  be  considered  as  being 
particularly  limited  thereby,  since  the  details  of 
any  particular  embodiment,  or  of  the  drawings, 
could  be  varied  without,  in  many  cases,  departing 
from  the  ambit  of  the  present  invention.  Accor- 
dingly,  the  scope  of  the  present  invention  is  to  be 
considered  as  being  delimited,  not  by  any  particu- 
lar  perhaps  entirely  fortuitous  details  of  the  disclo- 
sed  preferred  embodiments,  or  of  the  drawings, 
but  solely  by  the  scope  of  the  accompanying 
claims,  which  follow. 

Claims 

1.  A  method  for  controlling  a  central  differential 
operation  restricting  device  in  a  four  wheel  drive 
vehicle  having  an  engine,  a  front  wheel  propeller 
shaft,  a  rear  wheel  propeller  shaft,  a  central  diffe- 
rential  device  for  differentially  transmitting  rotatio- 
nal  power  from  said  engine  to  said  front  wheel 
propeller  shaft  and  said  rear  wheel  propeller 
shaft,  a  front  wheels  rotational  speed  sensor  for 
detecting  a  rotational  speed  of  a  combination  of 
front  wheels  of  the  vehicle,  and  a  rear  wheels 
rotational  speed  sensor  for  detecting  a  rotational 
speed  of  a  combination  of  rear  wheels  of  the  ve- 
hicle,  said  central  differential  operation  restricting 
device  selectively  restricting  the  differential  ope- 
ration  of  said  central  differential  device  at  variable 
degrees,  comprising  the  steps  of: 

(a)  detecting  the  rotational  speed  of  the  front 
wheels  and  the  rotational  speed  of  the 
rear  wheels  of  the  vehicle  by  said  front 
wheels  rotational  speed  sensor  and  said 
rear  wheels  rotational  speed  sensor,  res- 
pectively,  to  produce  a  first  variable  va- 
lue  and  a  second  variable  value  respecti- 
vely  corresponding  thereto; 

(b)  comparing  said  first  variable  value  with 
said  second  variable  value  to  produce  a 
third  variable  value  which  is  the  absolute 
value  of  the  balance  between  said  first 
and  second  variable  values; 

(c)  comparing  said  third  variable  value  with 
a  reference  value  to  detect  a  first  condi- 
tion  that  said  third  variable  value  is  larger 
than  said  reference  value;  and 

(d)  increasing  the  degree  of  the  differential 
operation  restricting  operation  of  said 
central  differential  operation  restricting 
device  when  said  first  condition  was  de- 
tected; 

Conclusion 

It  is  acceptable,  according  to  the  principle  of  the  50 
present  invention  if  the  constructional  details  of 
the  system  are  varied,  although  the  shown  ones 
are  considered  to  be  preferred.  For  example,  the 
friction  engaging  device  for  providing  torque  dist- 
ribution  between  the  pair  of  front  wheels  of  the  55 
vehicle  and  the  pair  of  rear  wheels  of  the  vehicle 
could,  in  other  embodiments,  be  a  clutch  provided 
in  the  power  transmission  path  either  to  the  pair 
of  front  vehicle  wheels  or  to  the  pair  of  rear  vehi- 
cle  wheels  and  restricting  or  the  flow  of  controlling  60 
the  amount  of  torque  supplied  to  its  pair  of  vehicle 
wheels,  rather  than  being  a  central  differential 
control  clutch  like  the  clutches  21  and  64  of  the 
shown  preferred  embodiments.  Other  modifica- 
tions  could  also  be  conceived  of.  For  example,  65 
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central  differential  operation  restricting 
device  when  said  first  condition  was  de- 
tected; 

characterized  in  that  the  increase  of  engagement  5 
of  said  central  dirfferential  operation  restricting 
device  in  said  step  (d)  is  allowed  for  a  determina- 
te  relatively  small  amount,  and  said  steps  (a),  (b), 
(c)  and  (d)  are  repetitively  carried  out  in  said  se- 
quence  as  long  as  said  first  condition  is  detected.  10 

2.  A  method  according  to  Claim  1,  wherein  in 
step  (c)  a  second  condition  is  detected  when  said 
third  variable  value  is  smaller  than  said  reference 
value,  further  comprising  the  step  of  15 

(e)  decreasing  the  degree  of  the  differential 
operation  restricting  operation  of  said 
central  differential  operation  restricting 
device  for  a  determinate  relatively  small  20 
amount  when  said  second  condition  was 
detected, 

wherein  said  steps  (a),  (b),  (c)  and  (e)  are  repetiti- 
vely  carried  out  in  said  sequence  as  long  as  said  25 
second  condition  is  detected. 

3.  A  method  according  to  Claim  1  or  2,  wherein 
the  vehicle  further  comprises  a  steering  angle 
sensor  for  detecting  a  steering  angle  of  the  vehi-  30 
cle,  and  said  reference  value  is  increased  accor- 
ding  to  increase  of  the  steering  angle  detected  by 
said  steering  angle  sensor. 

4.  A  method  according  to  Claim  1  or  2,  wherein  35 
said  steps  (a),  (b)  and  (c)  are  repetitively  sequen- 
tially  carried  out,  while  omitting  step  (d)  or  steps 
(d)  and  (e)  and  maintaining  the  degree  of  the  dif- 
ferential  operation  restricting  operation  of  said 
central  differential  operation  restricting  device  at  a  40 
current  value  thereof  as  long  as  neither  said  first 
condition  nor  said  second  condition  is  detected. 

5.  A  method  according  to  any  one  of  Claims  1  -  
4,  further  comprising  a  step  of  comparing  said  45 
first  variable  value  with  said  second  variable  va- 
lue  to  detect  a  first  sub-condition  that  said  first 
variable  value  is  larger  than  said  second  variable 
value  and  a  second  sub-condition  that  said  first 
variable  value  is  not  large  than  said  second  vai-  50 
able  value,  wherein  said  reference  value  is  modi- 
fied  according  to  said  second  variable  value 
when  said  first  sub-condition  is  detected,  while 
said  reference  value  is  modified  according  to  said 
first  variable  value  when  said  second  sub-condi-  55 
tion  is  detected. 

6.  A  method  according  to  Claim  5,  wherein  said 
reference  value  is  increased  according  to  increa- 
se  of  said  first  variable  value  alternatively  said  60 
second  variable  value  according  to  which  of  said 
first  and  second  variable  values  said  reference 
value  is  modified. 

7.  A  method  according  to  Claim  6,  wherein  said  65 

50 

reference  value  is  provided  in  plurality  to  include 
a  first  reference  value  and  a  second  reference 
value  smaller  than  said  first  reference  value,  and 
when  said  first  and  second  variable  values  were 
detected  to  be  less  than  a  relatively  low  first  criti- 
cal  value  indicating  substantial  stoppage  of  the 
vehicle,  said  increment  for  increasing  the  degree 
of  the  differential  operation  restricting  operation  of 
said  central  differential  operation  restricting  devi- 
ce  is  changed  from  zero  to  a  relatively  large  initial 
value  to  be  used  when  it  was  first  detected  that 
said  third  variable  value  is  larger  than  said  first 
reference  value,  then  to  a  moderate  medium  va- 
lue  to  be  used  subsequent  to  said  initial  value 
until  a  predetermined  short  time  lapses  from  a 
time  point  when  said  third  variable  value  decrea- 
ses  to  said  second  reference  value,  then  to  a 
relatively  large  final  value  to  be  used  when  said 
predetermined  short  time  has  lapsed,  and  then  to 
zero  until  said  first  and  second  variable  values 
are  detected  to  be  larger  than  a  relatively  large 
second  critical  value  indicating  normal  running  of 
the  vehicle,  and  when  said  first  and  second  vari- 
able  values  were  detected  to  be  larger  than  said 
second  critical  value,  said  increment  for  decrea- 
sing  the  degree  of  the  differential  operation  re- 
stricting  operation  of  said  central  differential  ope- 
ration  restricting  device  is  changed  from  zero  to  a 
relatively  large  initial  value,  and  then  to  a  modera- 
te  medium  value  until  said  central  differential  ope- 
ration  restricting  device  is  completely  released. 

Patentanspruche 

1.  Methode  zur  Steuerung  einer  Begrenzungs- 
vorrichtung  fur  den  Betrieb  eines  zentralen  Diffe- 
rentials  in  einem  Fahrzeug  mit  Vierradantrieb, 
umfassend  einen  Motor,  eine  Vorderradge- 
lenkwelle,  eine  Hinterradgelenkwelle,  eine  zentra- 
le  Differentialvorrichtung  zur  veranderlichen  Uber- 
tragung  von  Drehkraften  vom  genannten  Motor 
zur  genannten  Vorderradgelenkwelle  und  zur  ge- 
nannten  Hinterradgelenkwelle,  einen  Drehge- 
schwindigkeitssensor  fur  die  Vorderrader  zur  Er- 
mittlung  einer  Drehgeschwindigkeit  einer  Kombi- 
nation  von  Vorderradern  des  Fahrzeugs  sowie  ei- 
nen  Drehgeschwindigkeitssensor  fur  die  Hinterra- 
der  zur  Ermittlung  einer  Drehgeschwindigkeit  ei- 
ner  Kombination  von  Hinterradern  des  Fahr- 
zeugs,  wobei  die  genannte  Begrenzungsvorrich- 
tung  fur  den  Betrieb  eines  zentralen  Differentials 
wahlweise  den  Differentialbetrieb  der  genannten 
zentralen  Differentialvorrichtung  in  veranderlichen 
Graden  begrenzt,  wobei  die  Methode  folgende 
Schritte  umfaGt: 

a)  Ermittlung  der  Drehgeschwindigkeit  der 
Vorderrader  und  der  Drehgeschwindig- 
keit  der  Hinterrader  des  Fahrzeugs  mit 
Hilfe  des  genannten  Drehgeschwindig- 
keitssensors  fur  die  Vorderrader  bzw. 
des  genannten  Drehgeschwindigkeits- 
sensors  fur  die  Hinterrader,  urn  so  einen 
ersten  veranderlichen  Wert  bzw.  einen 
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stand  noch  der  genannte  zweite  Zustand  ermittelt 
wird. 

5.  Methode  gemaB  irgendeinem  der  Anspriiche  1 
5  bis  4,  weiterhin  umfassend  einen  Schritt,  mit  des- 

sen  Hilfe  der  genannte  erste  veranderliche  Wert 
mit  dem  genannten  zweiten  veranderlichen  Wert 
verglichen  wird,  um  so  mit  Hilfe  eines  ersten  Un- 
terzustands  zu  ermitteln,  da(3  der  genannte  erste 

10  veranderliche  Wert  groBer  als  der  genannte  zwei- 
te  veranderliche  Wert  ist,  und  mit  Hilfe  eines 
zweiten  Unterzustands  zu  ermitteln,  daB  der  ge- 
nannte  erste  veranderliche  Wert  nicht  groBer  als 
der  genannte  zweite  veranderliche  Wert  ist,  wo- 

15  bei  der  genannte  Bezugswert  dann  entsprechend 
dem  genannten  zweiten  veranderlichen  Wert  mo- 
difiziert  wird,  wenn  der  genannte  erste  Unterzu- 
stand  ermittelt  wird,  wahrend  der  genannte  Be- 
zugswert  dann  entsprechend  dem  genannten  er- 

20  sten  veranderlichen  Wert  modifiziert  wird,  wenn 
der  genannte  zweite  Unterzustand  ermittelt  wird. 

6.  Methode  gemaB  Anspruch  5,  wobei  der  ge- 
nannte  Bezugswert  entsprechend  der  Erhohung 

25  des  genannten  ersten  veranderlichen  Wertes 
Oder,  alternativ,  des  genannten  zweiten  ver- 
anderlichen  Wertes  in  Abhangigkeit  davon  erhoht 
wird,  nach  welchem  der  genannten  ersten  und 
zweiten  veranderlichen  Werte  der  genannte  Be- 

30  zugswert  modifiziert  wird  . 

7.  Methode  gemaB  Anspruch  6,  wobei  der  ge- 
nannte  Bezugswert  mehrfach  vorliegt  und  einen 
ersten  Bezugswert  und  einen  zweiten  Bezugs- 

35  wert  umfaBt,  der  geringer  als  der  genannte  erste 
Bezugswert  ist,  und  wenn  ermittelt  wird,  daB  die 
genannten  ersten  und  zweiten  veranderlichen 
Werte  geringer  als  ein  relativ  niedriger  erster  kriti- 
scher  Wert  sind,  was  ein  wesentliches  Abbrem- 

40  sen  des  Fahrzeugs  bedeutet,  wobei  der  genannte 
Grad  der  Erhohung  der  Begrenzung  der  genann- 
ten  Begrenzungsvorrichtung  fur  das  zentrale  Dif- 
ferential  von  Null  auf  einen  relativ  groBen  An- 
fangswert  verandert  wird,  was  dann  zum  Tragen 

45  kommt,  wenn  zunachst  festgestellt  wurde,  daB 
der  genannte  dritte  veranderliche  Wert  groBer  als 
der  genannte  erste  Bezugswert  ist,  um  dann  auf 
einen  gemaBigten  Mittelwert  verandert  zu  wer- 
den,  der  im  AnschluB  an  den  genannten  An- 

50  fangswert  zum  Tragen  kommt,  bis  ein  vorbe- 
stimmter  kurzer  Zeitraum  von  einem  Zeitpunkt 
aus  ablauft,  an  dem  der  genannte  dritte  verander- 
liche  Wert  auf  den  genannten  zweiten  Bezugs- 
wert  absinkt,  um  dann  auf  einen  relativ  hohen 

55  Endwert  modifiziert  zu  werden,  der  zum  Tragen 
kommt,  wenn  der  genannte  vorbestimmte  kurze 
Zeitraum  abgelaufen  ist,  um  dann  auf  Null  modifi- 
ziert  zu  werden,  bis  festgestellt  wird,  dal3  die  ge- 
nannten  ersten  und  zweiten  veranderlichen  Werte 

60  groBer  als  ein  relativ  hoher  zweiter  kritischer  Wert 
sind,  was  ein  normales  Fahren  des  Fahrzeugs 
bedeutet,  und  wenn  festgestellt  wurde,  daB  die 
genannten  ersten  und  zweiten  veranderlichen 
Werte  groBer  als  der  genannte  zweite  kritische 

65  Wert  sind,  dann  wird  der  genannte  Grad  der  Re- 

im  Verhaltnis  dazu  stehenden  zweiten 
veranderlichen  Wert  zu  erhalten; 

b)  Vergleichen  des  genannten  ersten  ver- 
anderlichen  Wertes  mit  dem  genannten 
zweiten  veranderlichen  Wert,  um  so 
einen  dritten  veranderlichen  Wert  zu  er- 
halten,  der  als  der  absolute  Ausgleich- 
swert  zwischen  den  genannten  ersten 
und  zweiten  veranderlichen  Werten 
dient; 

c)  Vergleichen  des  genannten  dritten  ver- 
anderlichen  Wertes  mit  einem  Be- 
zugswert,  um  so  mit  Hilfe  eines  ersten 
Zustands  zu  ermitteln,  daB  der  genannte 
dritte  veranderliche  Wert  groBer  als  der 
genannte  Bezugswert  ist;  und 

d)  Erhohung  des  Grades  der  Begrenzung 
fur  den  Differentialbetrieb  der  genannten 
Begrenzungsvorrichtung  fur  das  zentrale 
Differential,  nachdem  der  genannte  erste 
Zustand  ermittelt  wurde; 

dadurch  gekennzeichnet,  daB  die  Erhohung  des 
Grades  der  Begrenzung  der  genannten  Begren- 
zungsvorrichtung  fur  das  zentrale  Differential  im 
genannten  Schritt  (d)  in  einem  bestimmten  relativ 
geringen  Umfang  zugelassen  wird,  und  daB  die 
genannten  Schritte  (a),  (b),  (c)  und  (d)  wiederholt 
in  der  genannten  Aufeinanderfolge  so  lange 
durchgefiihrt  werden,  wie  der  genannte  erste  Zu- 
stand  ermittelt  wird. 

2.  Methode  gemaB  Anspruch  1,  wobei  in  Schritt 
(c)  ein  zweiter  Zustand  ermittelt  wird,  wenn  der 
genannte  dritte  veranderliche  Wert  geringer  als 
der  genannte  Bezugswert  ist,  weiterhin  folgende 
Schritte  umfassend: 

(e)  Reduzierung  des  Grades  der  Begren- 
zung  der  genannten  Begrenzungsvor- 
richtung  fur  das  zentrale  Differential  in 
einem  bestimmten  relativ  geringen  Um- 
fang,  nachdem  der  genannte  zweite  Zus- 
tand  ermittelt  wurde,  wobei  die  genann- 
ten  Schritte  (a),  (b),  (c)  und  (e)  wiede- 
rholt  in  der  genannten  Aufeinanderfolge 
so  lange  durchgefiihrt  werden,  wie  der 
genannte  zweite  Zustand  ermittelt  wird. 

3.  Methode  gemaB  Anspruch  1  Oder  2,  wobei 
das  Fahrzeug  weiterhin  einen  Radeinschlagsen- 
sor  zur  Ermittlung  eines  Radeinschlags  des  Fahr- 
zeugs  umfaBt,  und  wobei  der  genannte  Be- 
zugswert  entsprechend  der  VergroBerung  des 
vom  genannten  Radeinschlagsensor  festgestell- 
ten  Radeinschlags  ermittelt  wird. 

4.  Methode  gemaB  Anspruch  1  Oder  2,  wobei  die 
genannten  Schritte  (a),  (b)  und  (c)  wiederholt  in 
Aufeinanderfolge  durchgefiihrt  werden,  wahrend 
der  Schritt  (d)  Oder  die  Schritte  (d)  und  (e)  entfal- 
len  und  der  Grad  der  Begrenzung  der  genannten 
Begrenzungsvorrichtung  fur  das  zentrale  Diffe- 
rential  so  lange  auf  einem  augenblicklichen  Wert 
gehalten  wird,  wie  weder  der  genannte  erste  Zu- 
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duzierung  der  Begrenzung  der  genannten  Be- 
grenzungsvorrichtung  fur  das  zentrale  Differential 
von  Null  auf  einen  relativ  hohen  Anfangswert  und 
anschlieBend  auf  einen  gemaRigten  Mittelwert 
verandert,  bis  die  Begrenzung  der  genannten  Be- 
grenzungsvorrichtung  fur  das  zentrale  Differential 
vollstandig  freigegeben  ist. 

ladite  sequence  aussi  longtemps  que  Ton  detecte 
que  ladite  premiere  condition  est  remplie. 

2.  Un  procede  selon  la  revendication  1,  dans  le- 
5  quel  on  detecte  dans  I'etape  (c)  si  une  seconde 

condition  consistant  dans  le  fait  que  ladite  troisie- 
me  valeur  variable  est  inferieurs  a  ladite  valeur  de 
reference,  est  remplie,  et  comprenant  en  outre 
I'etape  consistant  a  reduire  le  niveau  de  restric- 

10  tion  du  fonctionnement  differentiel  dudit  dispositif 
de  restriction  de  fonctionnement  du  differentiel 
central,  d'un  montant  determine  relativement  fai- 
ble,  lorsque  Ton  detecte  que  ladite  seconde  con- 
dition  est  remplie,  dans  lequel  les  etapes  (a),  (b), 

15  (c)  et  (e)  etant  realisees  de  fagon  repetitives  se- 
lon  ladite  sequence  aussi  longtemps  que  Ton  de- 
tecte  que  ladite  seconde  condition  est  remplie. 

3.  Un  procede  selon  le  revendication  1  ou  2, 
20  dans  lequel  le  vehicule  comprend  en  outre  un 

capteur  d'angle  de  braquage  destine  a  capter 
Tangle  de  braquage  du  vehicule,  et  dans  lequel 
ladite  valeur  de  reference  est  augmentee  en 
fonction  de  ('augmentation  de  Tangle  de  braqua- 

25  ge  detectee  par  ledit  capteur  d'angle  de  braqua- 
ge. 

4.  Un  procede  selon  la  revendication  1  ou  2, 
dans  lequel  lesdites  etapes  (a),  (b)  et  (c)  sont 

30  repetees  sequentiellement,  en  omettant  Cetape 
(d)  ou  les  etapes  (d)  et  (e)  et  en  maintenant  le 
niveau  de  la  restriction  du  fonctionnement  diffe- 
rentiel  dudit  dispositif  de  restriction  de  fonctionne- 
ment  du  differentiel  central  a  sa  valeur  instanta- 

35  nee,  aussi  longtemps  que  Ton  detecte  que  ni  la 
premiere  condition,  ni  la  seconde  condition  ne 
sont  remplies. 

5.  Un  procede  selon  Tune  quelconque  des  re- 
40  vendications  1  a  4,  comprenant  en  outre  une  eta- 

pe  de  comparaison  de  ladite  premiere  valeur  vari- 
able  avec  ladite  seconde  valeur  variable,  en  vue 
de  detecter  si  est  remplie  une  premiere  sous-con- 
dition  consistant  en  ce  que  iadite  premiere  valeur 

45  variable  est  superieure  a  ladite  seconde  valeur 
variable,  et  si  est  remplie  une  seconde  sous-con- 
dition  consistant  en  ce  que  ladite  premiere  valeur 
variable  n'est  pas  superieure  a  ladite  seconde  va- 
leur  variable,  dans  lequel  ladite  valeur  de  referen- 

50  ce  est  modifiee  selon  ladite  seconde  valeur  vari- 
able  lorsque  Ton  detecte  que  ladite  premiere 
sous-condition  est  remplie,  tandis  que  ladite  va- 
leur  de  reference  est  modifiee  selon  ladite  pre- 
miere  valeur  variable  lorsque  Ton  detecte  que  la- 

55  dite  seconde  sous-condition  est  remplie. 

6.  Un  procede  selon  la  revendication  5,  dans  le- 
quel  ladite  valeur  de  reference  est  augmentee  en 
fonction  de  ('augmentation  de  ladite  premiere  va- 

60  leur  variable,  ou  bien  de  ladite  seconde  valeur 
variable,  selon  celle  des  valeurs  variables,  la  pre- 
miere  ou  la  seconde,  en  fonction  de  laquelle  ladi- 
te  valeur  de  reference  est  modifiee. 

65  7.  Un  procede  selon  la  revendication  6,  dans  le- 

Revendications 

1.  Un  procede  de  commande  d'un  dispositif  de 
restriction  de  fonctionnement  du  differentiel  cen- 
tral  d'un  vehicule  a  quatre  roues  motrices  com- 
portant  un  moteur,  un  arbre  de  transmission 
avant,  un  arbre  de  transmission  arriere,  un  dispo- 
sitif  differentiel  central  destine  a  transmettre  de 
facon  differentielle  la  puissance  motrice  prove- 
nant  dudit  moteur  audits  arbres  de  transmission 
avant  et  arriere,  un  capteur  de  vitesse  de  rotation 
des  roues  avant,  destine  a  capter  une  vitesse  de 
rotation  de  la  combinaison  des  roues  avant  du 
vehicule  et  un  capteur  de  vitesse  de  rotation  de 
roues  arriere  destine  a  capter  la  vitesse  de  rota- 
tion  de  la  combinaison  des  roues  arriere  du  vehi- 
cule,  ledit  dispositif  de  restriction  de  fonctionne- 
ment  du  differentiel  central,  restreignant 
selectivement  le  fonctionnement  differentiel  dudit 
dispositif  de  differentiel  central  avec  des  niveaux 
variables,  comprenant  les  etapes  de: 

a)  detection  de  la  vitesse  de  rotation  des 
roues  avant  et  de  la  vitesse  de  rotation 
des  roues  arriere  du  vehicule  respective- 
ment  par  ledit  capteur  de  vitesse  de  rota- 
tion  des  roues  avant  et  ledit  capteur  de 
vitesse  de  rotation  des  roues  arriere  afin 
d'etablir  une  premiere  valeur  variable  et 
une  seconde  valeur  variable  correspon- 
dant  respectivement  a  celles-ci; 

b)  comparaison  de  ladite  premiere  valeur 
variable  avec  ladite  seconde  valeur  vari- 
able  en  vue  d'etablir  une  troisieme  valeur 
variable  qui  est  la  valeur  absolue  de  la 
difference  entre  lesdites  premiere  et  sec- 
onde  valeurs  variables; 

c)  comparaison  de  ladite  troisieme  valeur 
variable  avec  une  valeur  de  reference  en 
vue  de  constater  qu'une  premiere  condi- 
tion  consistant  en  ce  que  la  troisieme  va- 
leur  variable  est  superieure  a  ladite  va- 
leur  variable  est  remplie;  et 

d)  augmentation  du  niveau  de  restriction  du 
fonctionnement  differentiel  dudit  dispo- 
sitif  de  restriction  de  fonctionnement  du 
differentiel  central,  lorsque  Ton  detecte 
que  ladite  premiere  condition  est  rem- 
plie; 

caracterise  en  ce  que  ('augmentation  de  Taction 
dudit  dispositif  de  restriction  de  fonctionnement 
du  differentiel  central  au  cours  de  ladite  etape  (d) 
est  autorisee  pour  un  montant  determine  relative- 
ment  faible  et  en  ce  que  lesdites  etapes  (a),  (b), 
(c)  et  (d)  sont  executees  de  facon  repetitive  selon 
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quel  il  existe  plusieurs  valeurs  de  reference,  de 
fagon  telle  qu'il  y  ait  une  premiere  valeur  de  refe- 
rence  et  une  seconde  valeur  de  reference  infe- 
rieure  a  ladite  premiere  valeur  de  reference,  et 
lorsque  Ton  detecte  que  lesdites  premiere  et  se-  5 
conde  valeurs  variables  sont  inferieures  a  une 
premiere  valeur  critique  relativement  faible  indi- 
quant  pratiquement  I'arret  du  vehicule,  ledit  incre- 
ment  d'augmentation  du  niveau  de  la  restriction 
de  fonctionnement  differentiel  du  differential  cen-  10 
tral  dudit  dispositif  de  restriction  de  fonctionne- 
ment  du  differentiel  central  est  modifie  pour  pas- 
ser  de  zero  a  une  valeur  initiale  relativement  ele- 
vee  afin  d'etre  utilise  lorsqu'on  a  d'abord  detecte 
que  ladite  troisieme  valeur  variable  est  superieure  15 
a  ladite  premiere  valeur  de  reference  puis  pour 
passer  a  une  valeur  moyenne  moderee  afin  d'etre 
utilise  a  la  suite  de  cette  valeur  initiale  jusqu'a  ce 
qu'un  temps  predetermine  court  se  soit  ecoule  a 
partir  du  moment  ou  ladite  troisieme  valeur  vari-  20 
able  a  diminue  jusqu'a  ladite  seconde  valeur  de 
reference,  puis  pour  passer  a  une  valeur  finale 
relativement  elevee  afin  d'etre  utilise  lorsque  ledit 
temps  predetermine  court  s'est  ecoule,  puis  pour 
passer  a  zero  jusqu'a  ce  que  Ton  ait  detecte  que  25 
lesdites  premiere  et  seconde  valeurs  variables 
sont  superieures  a  une  seconde  valeur  critique 
relativement  elevee,  indiquant  une  marche  nor- 
male  du  vehicule,  et  lorsque  Ton  detecte  que  les- 
dites  premiere  et  seconde  valeurs  variables  sont  30 
superieures  a  ladite  seconde  valeur  critique,  ledit 
increment  de  reduction  du  niveau  de  la  restriction 
de  fonctionnement  differentiel  dudit  dispositif  de 
restriction  du  fonctionnement  du  differentiel  dudit 
dispositif  de  restriction  de  fonctionnement  du  dif-  35 
ferentiel  central,  est  modifie  pour  passer  de  zero 
a  une  valeur  initiale  relativement  elevee,  puis  a 
une  valeur  moyenne  moderee  jusqu'a  ce  que  le- 
dit  dispositif  de  restriction  de  fonctionnement  du 
differentiel  central  soit  completement  inactif.  40 
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