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Description 

Background  of  the  Invention 

The  present  invention  relates  to  a  regenerative 
braking  system  for  a  car,  and  particularly  to  a 
regenerative  braking  system  for  a  car  wherein  the 
decelerating  energy  of  a  car  is  captured  and  used  for 
the  starting/accelerating  energy,  and  more  particular 
to  a  regenerative  braking  system  for  a  car  comprising 
a  hydraulic  oil  circuit  formed  of  a  high  pressure 
accumulator,  a  pump/motor,  a  circuit  shut-off  waive, 
and  a  low  pressure  accumulator;  means  for  sensing 
the  displacement  angle  of  said  pump/motor;  a  dis- 
placement  angle  controlling  electromagnetic  pro- 
portional  control  valve  for  actually  controlling  the 
displacement  capacity  of  said  pump/motor. 

In  a  PTO  (Power-take-off)  output  unit  (system)  or 
a  deceleration  energy  recovery  system  as  con- 
ventionally  known,  a  part  of  kinetic  energy  dissipated 
mainly  as  heat  at  a  brake  or  engine  during  the  decel- 
eration  of  a  car  is  captured  in  the  form  of  hydraulic 
operating  oil  and  accumulated  in  an  accumulator.  And 
the  accumulated  energy  is  utilized  for  the  starting 
energy  and  accelerating  energy  of  the  car. 

For  example,  as  the  oldest  one,  in  1976  C.  J.  Lor- 
ence  Corporation  in  England  announced  the  develop- 
ment  of  such  a  system  using  a  bus  of  British  Leyland 
Corporation.  Since  then,  various  researches  and 
developments  have  been  made  in  Europe. 

Recently,  Japanese  Patent  Application  Laid-open 
Nos.  62-15128,  62-37215,  62-39327  etc.  have  dis- 
closed  a  deceleration  energy  recovery  system  which 
is  essentially  formed  of  a  transmission  (hereinafter 
referred  to  as  T/M),  a  multi-stage  gear-changed  PTO 
unit,  a  PTO  output  shaft,  a  pump/motor,  a  hydraulic  oil 
circuit,  an  electromagnetic  clutch,  an  accumulator, 
and  a  control  unit. 

The  T/M  includes  a  counter  shaft  driven  through 
an  engine  clutch,  a  main  shaft  connected  to  a  wheel 
driving  line,  and  a  multi-staged  gear  train  mechanism 
transferring  the  rotation  of  the  counter  shaft  to  the 
main  shaft  through  the  gears.  The  multi-stage  gear- 
changed  PTO  unit  includes  a  countershaft  PTO  gear 
disconnectably  coupled  to  the  counter  shaft  through 
a  counter  shaft  PTO  gear  synchronizer,  a  main  shaft 
PTO  gear  coupled  to  the  counter  shaft  PTO  gear  and 
disconnectably  coupled  to  the  main  shaft  through  a 
main  shaft  PTO  gear  synchronizer,  and  a  PTO  output 
shaft  driven  through  driving  gears  coupled  to  the  main 
shaft  PTO  gear.  The  pump/motor  is  coupled  to  the 
PTO  output  shaft,  the  hydraulic  oil  circuit  consists  of 
a  high  pressure  oil  line  and  a  low  pressure  oil  line  and 
serves  to  connect  the  accumulator  to  an  oil  tank 
through  the  pump/motor,  and  the  electromagnetic 
clutch  serves  to  connect/disconnect  the  oil  circuit  to- 
/from  the  PTO  shaft. 

The  control  unit  controls  the  electromagnetic 

clutch  and  works  the  pump/motor  as  either  of  a  pump 
or  motor  in  response  to  the  running  condition  of  the 
car.  Namely,  for  working  the  pump/motor  as  a  pump, 
the  torque  of  the  wheels  during  the  decelerating  mode 

5  serves  to  accumulate  the  operating  oil  into  the 
accumulator  through  the  PTO  unit  thereby  to  capture 
the  kinetic  energy,  i.e.  braking  energy  mainly  lost  as 
heat  in  the  brake  or  engine,  and  for  working  the 
pump/motor  as  a  motor,  the  operating  oil  accumulated 

10  in  the  accumulator  serves  to  generate  start- 
ing/accelerating  torque  to  drive  the  wheels  through 
the  PTO  unit. 

The  control  manner  of  this  control  unit  is  as  fol- 
lows: 

15  (J)When  the  car  start  with  the  inner  pressure  of  the 
accumulator  being  sufficient,  the  pump/motor  is  con- 
trolled  to  serve  as  a  variable  capacity  type  motor,  the 
capacity  of  which  is  controlled  by  varing  the  displace- 
ment  angle  (incline  angle)  of  the  swash  plate  or  shaft 

20  in  response  to  the  accelerator  pedal  positions. 
Since  the  pump/motor  is  also  connected  to  the 

electromagnetic  clutch,  when  the  electromagnetic 
clutch  is  coupled  to  the  PTO  unit  by  the  control  unit, 
the  pump/motor  drives  the  car  based  on  the  hydraulic 

25  power  accumulated  in  the  oil  circuit. 
In  the  meantime,  when  the  car  speed  exceeds  a 

preset  value  corresponding  to  the  gear  position  selec- 
ted  by  a  driver,  the  engine  clutch  is  coupled  to  the 
engine  for  the  engine  cruising.  At  the  same  time  the 

30  PTO  unit  is  gear-changed  so  as  to  turn  off  the  counter 
shaft  synchronizer  which  was  on  and  turn  on  the  main 
shaft  synchronizer  which  was  off,  and  the  combined 
cruising  of  the  pump/motor  with  the  engine  is  carried 
out  according  to  the  hydraulic  power  based  on  the 

35  pedal  position  only  if  the  accelerator  pedal  is  largely 
operated  by  the  foot. 
©During  the  braking  mode,  the  electromagnetic 
clutch  is  made  on,  and  the  displacement  angle  control 
signal  (pump  capacity  control  signal)  according  to  the 

40  brake  pedal  position  is  supplied  to  the  pump/motor  for 
the  corresponding  pumping  operation  while  at  the 
same  time  the  engine  is  declutched. 

Thus,  the  control  unit  controls  the  engine  clutch 
to  decouple  the  engine  from  the  driving  line  of  the 

45  wheels  in  order  to  capture  a  part  of  the  braking  energy 
which  is  to  be  consumed  in  the  engine  during  the  brak- 
ing  mode  and  to  relieve  the  captured  energy  during 
the  accelerating  mode,  while  coupling  the  engine  to 
the  driving  line  in  order  to  use  the  engine  power  solely 

so  or  in  combination  with  the  motor  during  the  start- 
ing/accelerating  mode. 

In  such  a  prior  art,  the  displacement  capacity  of 
the  hydraulic  operating  oil,  i.e.  the  incline  angle,  of  the 
pump/motor  is  controlled  according  to  the  position  of 

55  a  brake  pedal  in  the  braking  mode  or  the  position  of 
an  accelerator  pedal  in  the  accelerating  mode. 

However,  since  an  electromagnetic  proportional 
control  valve  for  the  displacement  capacity  (angle)  of 
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the  pump/motor  has  electromagnetic  hysteresis  and 
electrical  noise  margin,  if  the  capacity  of  the 
pump/motor  is  assumed  to  have  0  ~  255cc  as  shown 
in  Fig.  1,  the  control  current  for  the  displacement  angle 
(hereinafter  referred  to  as  displacement  controlling 
current)  of  the  pump/motor  fails  to  range  from  the 
minimum  OA  to  the  maximum  1A,  while  ranges  from 
0.25Ato0.95A. 

Therefore,  even  though  the  displacement  control- 
ling  current  of  0.5A  is  supplied  to  the  pump/motor,  the 
capacity  of  the  pump/motor  actually  fails  to  have 
125cc  which  is  1/2  of  the  capacity,  while  has  about 
85cc,  whereby  a  required  capacity  fails  to  exactly  cor- 
respond  to  the  actual  capacity. 

Furthermore,  since  such  a  characteristic  as 
shown  in  Fig.  1  varies  due  to  the  electromagnetic  hys- 
teresis  and  electrical  noise  margin,  a  required 
capacity  of  the  pump/motor  can  not  be  settled. 

US-A-4  741  410  discloses  a  regenerative  braking 
system  for  cars  of  the  same  type  as  described  in  the 
preamble  of  claim  1  and  the  first  paragraph  of  descrip- 
tion  page  1  .  The  known  regenerative  braking  system 
is  primarily  adapted  for  inexpensive  retrofitting  of 
existing  vehicles  such  as  vans  and  buses.  However, 
the  sensing  means  of  that  regenerative  braking  sys- 
tem  does  only  sense  whether  or  not  the  displacement 
angle  of  the  pump/motor  is  zero  or  not.  Moreover,  this 
prior  art  regenerative  braking  system  has  essentially 
the  same  drawbacks  as  discussed  above. 

Summary  of  the  Invention 

It  is  accordingly  an  object  of  the  present  invention 
to  provide  a  regenerative  braking  system  for  a  car 
which  can  study  the  displacement  capacity  (angle)  of 
a  pump/motor  used  in  a  hydaulic  oil  circuit  regardless 
of  the  variation  of  the  characteristic  of  the 
pump/motor. 

The  study  principle  of  the  present  invention  will  be 
at  first  described  herebelow. 

As  shown  in  Fig.1,  the  displacement  capacity  of 
the  pump/motor  is  controlled  over  the  range  from  0  to 
250cc  which  correspond  to  the  range  of  the  displace- 
ment  controlling  current  of  0.25  -0.95A,  while  the  out- 
put  voltage  of  a  sensor  used  for  sensing  the 
displacement  capacity  (hereinafter  referred  to  as  dis- 
placement  sensor)  ranges  from  0.5V~2.75V  corre- 
sponding  to  the  capacity  of  0~250cc  as  shown  in  Fig. 
2. 

Therefore,  the  relationship  between  the  displace- 
ment  controlling  current  (A)  and  the  output  voltage  (V) 
of  the  displacement  sensor  is  such  that  the  displace- 
ment  controlling  current  lMIN  (0.25A)  for  minimizing 
the  capacity  of  the  pump/motor  to  zero  corresponds 
to  the  output  voltage  VM|N  (0.5V)  of  the  displacement 
sensor  and  that  the  displacement  controlling  current 
'max  (0.95A)  for  maximizing  the  capacity  of  the 
pump/motor  to  250cc  corresponds  to  the  output  volt- 

age  VMAX  (2.75V)  of  the  displacement  sensor. 
If  the  range  of  the  displacement  controlling  cur- 

rent  from  0.25  to  0.95A  is  divided  by  the  capacity  of 
250cc  to  determine  control  current  corresponding  to 

5  a  unit  capacity,  the  study  of  the  displacement  capacity 
can  be  excluded. 

As  above  described,  however,  it  is  possible  that 
the  maximum/minimum  output  voltage  of  the  dis- 
placement  sensor  and  therefore  the  corresponding 

10  displacement  controlling  current  vary  from  the  posi- 
tions  shown  in  Fig.  3  due  to  the  electromagnetic  hys- 
teresis  and  the  noise  margin.  Therefore,  if  the 
displacement  capacity  control  without  considering 
such  a  variation  is  carried  out,  it  will  be  inaccurate. 

15  This  is  why  the  study  of  the  displacement 
capacity  is  required. 

According  to  the  present  invention,  control  means 
provide  the  maximum  permissible  current  and  the 
minimum  operating  current  for  a  displacement  angle 

20  controlling  electromagnetic  proportional  control  valve 
when  a  hydraulic  oil  circuit  including  a  pump/motor  is 
not  operated,  i.e.  when  the  pump/motor  is  not  used. 
Then,  the  control  means  decrease  stepwise  the 
maximum  permissible  current  and  increase  stepwise 

25  the  minimum  operating  current. 
As  a  result,  a  variation  taking  place  at  the  output 

of  the  displacement  sensor  is  detected  as  shown  in 
Fig.3  by  points  A  and  B  to  study  each  displacement 
controlling  current  respectively  corresponding  to  the 

30  above  noted  maximum  and  minimum  capacities  of  the 
pump/motor,  whereby  the  displacement  controlling 
current  for  the  pump/motor  is  determined  per  a  unit 
capacity  from  the  difference  between  both  values  of 
the  current. 

35  Hereby,  the  displacement  angle  of  the 
pump/motor  is  precisely  made  to  correspond  to  the 
controlling  current  for  the  proportional  control  valve  in 
the  energy  recovery/regenerative  modes. 

40  Brief  Description  of  the  Drawings 

The  present  invention  will  be  more  apparent  to 
those  skilled  in  the  art,  from  the  following  drawings  in 
which: 

45  Fig.1  show  a  graph  illustrating  the  relationship  be- 
tween  displacement  controlling  current  and  dis- 
placement  capacity, 
Fig  .2  show  a  graph  illustrating  the  relationship  be- 
tween  the  output  voltage  of  a  displacement  angle 

so  sensor  and  displacement  capacity,  and 
Fig.3  show  a  graph  illustrating  the  relationship  be- 
tween  displacement  controlling  current  and  the 
output  voltage  of  the  displacement  angle  sensor. 
Fig.4  shows  a  schematic  diagram  of  a  regenera- 

55  tive  braking  system  for  car  with  a  pump/motor 
studying  its  displacement  capacity  in  accordance 
with  the  present  invention, 
Fig.5  shows  a  flow  chart  for  determining  a 

3 
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maximum  displacement  controlling  current 
according  to  the  present  invention, 
Fig.6  shows  a  flow  chart  for  determining  a  mini- 
mum  displacement  controlling  current  according 
to  the  present  invention,  and 
Figs.7  shows  a  flow  chart  for  determining  dis- 
placement  angle  controlling  current  per  unit 
capacity  of  the  pump/motor  according  to  the  pre- 
sent  invention. 
Throughout  the  figures,  the  same  reference  num- 

erals  indicate  identical  or  corresponding  portions. 

Detailed  Description  of  the  Preferred  Embodiments 

There  will  now  be  described  the  embodiments  of 
a  regenerative  braking  system  for  car  according  to  the 
present  invention. 

Referring  now  to  Fig.4,  the  arrangement  of  the 
regenerative  braking  system  (hereinafter  referred  to 
as  RBS)  includes;  a  pump/motor  1;  a  displacement 
sensor  2  for  sensing  the  displacement  angle  (incline 
angle)  of  the  pump/motor  1;  a  displacement  angle 
controlling  proportional  electromagnetic  valve  3  for 
controlling  the  displacement  angle  of  the  pump/motor 
1  ;  a  transmission  (hereinafter  abbreviated  as  T/M)  4; 
a  gear  position  sensor  5  for  sensing  the  gear  position 
of  the  T/M  4;  a  PTO  unit  6  for  taking  off  the  driving 
force  of  wheels  7  as  hydraulic  braking  force  through 
an  axle  8  or  conversely  for  transferring  the  hydraulic 
driving  force  to  the  wheels  7  through  the  axle  8;  an 
electromagnetic  clutch  9  for  connecting  or  discon- 
necting  the  driving  force  between  the  PTO  unit  6  and 
the  pump/motor  1;  a  circuit  shut-off  valve  10;  a  high 
pressure  accumulator  11  ;  a  low  pressure  accumulator 
12  forming  a  hydraulic  circuit  together  with  the 
pump/motor  1,  the  circuit  shut-off  valve  10,and  the 
high  pressure  accumulator  11  ;  and  a  micro-processor 
13  (hereinafter  abbreviated  as  MPU)  as  control 
means  for  displacement  controlling  current  corre- 
sponding  to  the  capacity  of  the  pump/motor  1  when  it 
finds  from  the  output  or  states  of  the  gear  position 
sensor  5,  the  electromagnetic  clutch  9,  and  the  circuit 
shut-off  valve  10  that  the  pump/motor  1  is  not  being 
used. 

The  operation  of  this  embodiment  shown  in  Fig.1 
will  be  described  with  reference  to  an  interrupt 
routine,  shown  in  Figs.5  to  7  for  determining  displace- 
ment  controlling  current  corresponding  to  a  unit 
capacity  of  the  pump/motor  1,  stored  in  and  executed 
by  the  MPU  13  shown  in  Fig.1. 

Starting  this  routine,  the  MPU  13  checks  from  the 
gear  position  sensor  5  whether  or  not  the  gear  posi- 
tion  is  one  of  neutral  (N),  reverse  (R),  and  parking  (P) 
(step  T1  in  Fig.  5),  checks  whether  or  not  the  elec- 
tromagnetic  clutch  9  is  on  (step  T2),  and  checks 
whether  or  not  the  circuit  shut-off  valve  10  is  on  (step 
T3),  whereby  the  MPU  13  checks  whether  or  not  the 
hydraulic  circuit  including  the  pump/motor  1  is  oper- 

ated. 
In  those  steps,  when  the  gear  position  is  not  any 

one  of  N,  R,  P,  when  the  magnetic  clutch  9  is  on,  or 
when  the  circuit  shut-off  valve  10  is  on,  the  MPU  13 

5  finds  that  the  hydraulic  circuit  is  enabled  to  operate. 
In  this  condition,  it  is  meaningless  and  dangerous  to 
study  the  displacement  angle  of  the  pump/motor  1  in 
this  condition,  so  that  the  routine  ends. 

If  it  is  found  in  any  one  of  steps  T1  ,  T2,  and  T3  that 
10  the  pump/motor  1  is  being  used,  the  MPU  13  gives  to 

the  proportional  electromagnetic  valve  3  the 
maximum  permissible  current  (1A  in  Fig.3)  which 
necessarily  gives  the  pump/motor  1  the  maximum  dis- 
placement  angle,  and  stores  it  (step  S1).  Then,  the 

15  output  voltage  V0  of  the  displacement  sensor  2  at  the 
moment  is  stored  in  a  memory  VM  (not  shown)  (step 
S2). 

Next,  for  the  safety's  sake,  that  is  for  the  hydraulic 
circuit  not  to  have  the  operating  state  since  it  takes 

20  some  time  from  the  time  when  the  proportional  valve 
3  is  given  controlling  current  to  the  time  when  the  dis- 
placement  angle  of  the  pump/motor  1  has  the  value 
corresponding  to  the  controlling  current,  whether  or 
not  the  hydraulic  circuit  is  enabled  to  operate  like  in 

25  steps  T1  ~T3  is  checked  in  steps  S3  ~S5. 
As  a  result,  if  it  is  found  that  the  hydraulic  circuit 

is  enabled  to  operate,  the  routine  ends,  while  if  it  is 
found  that  the  hydraulic  circuit  is  not  used,  the  dis- 
placement  controlling  current  I  is  reduced  by  2.5  mA 

30  (step  S6),  and  it  is  checked  whether  or  not  the  output 
voltage  V0  of  the  displacement  sensor  2  at  the 
moment  is  equal  to  the  voltage  stored  in  the  memory 
VM,  i.e.  VM  =V0  (step  S7). 

During  the  interval  of  VM  =V0,  steps  S3  ~S7  are 
35  repeated  to  reduce  the  displacement  controlling  cur- 

rent  I  by  2.5  mA.  When  it  is  found  that  VM  V0  (point 
A  in  Fig.3),  it  is  assumed  in  step  S8  that  the  displace- 
ment  controlling  current  I  at  the  moment  plus  2.5  mA 
be  the  actual  maximum  displacement  controlling  cur- 

40  rent  lMAX  (0.95A  in  Fig.3),  while  the  voltage  stored  in 
the  memory  VM  is  set  as  the  maximum  output  voltage 
VMAXof  the  displacement  sensor  2  (step  S9),  and  this 
routine  ends. 

Subsequently,  the  MPU  13  starts  the  program 
45  shown  in  Fig.6  for  the  determination  of  the  minimum 

displacement  controlling  current. 
The  MPU  checks  like  the  routine  in  Fig.  5  whether 

or  not  the  hydraulic  circuit  is  operating  (steps  T11 
~T13),  where  if  it  finds  that  the  pump/motor  1  is  not 

so  operating  in  any  one  of  steps  T11-T13,  the  MPU  13 
gives  to  the  proportional  electromagnetic  valve  3  the 
minimum  operating  current  (0.2A  in  Fig.3)  which 
necessarily  gives  the  pump/motor  1  the  minimum  dis- 
placement  angle,  and  stores  it  (step  S11).  Then,  the 

55  output  voltage  V0  of  the  displacement  sensor  2  at  the 
moment  is  stored  in  the  memory  VM  (step  S12). 

Next,  for  the  safety's  sake,  whether  or  not  the 
hydraulic  circuit  is  enabled  to  operate  like  in  steps  T11 

4 
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~T13  is  again  checked  in  steps  S13  ~S15. 
As  a  result,  if  it  is  found  that  the  hydraulic  circuit 

is  enabled  to  operate,  the  routine  ends,  while  if  it  is 
found  that  the  hydraulic  circuit  is  not  used,  the  dis- 
placement  controlling  current  I  is  increased  by  2.5  mA 
(step  S16),  and  it  is  checked  whether  or  not  the  output 
voltage  V0  of  the  displacement  sensor  2  at  the 
moment  is  equal  to  the  voltage  stored  in  the  memory 
VM,i.e.VM=V0(stepS17). 

During  the  interval  of  VM  =V0,  steps  S1  3~S1  7  are 
repeated  to  increase  the  displacement  controlling 
current  I  by  2.5  mA.  When  it  is  found  that  VM  *V0 
(point  B  in  Fig.3),  it  is  assumed  in  step  S18  that  the 
displacement  controlling  current  I  at  the  moment 
minus  2.5  mA  be  the  actual  minimum  displacement 
controlling  current  lMIN  (0.25A  in  Fig.3),  while  the  volt- 
age  stored  in  the  memory  VM  is  set  as  the  minimum 
output  voltage  VM|N  of  the  displacement  sensor  2  (step 
S19),  and  this  routine  ends. 

Determining  the  actual  maximum/minimum  dis- 
placement  controlling  current  from  the  above  routines 
shown  in  Figs.5  and  6,  the  MPU  13  executes  the  pro- 
gram  shown  in  Fig.  7. 

At  first,  the  dynamic  range  lST  of  the  displacement 
controlling  current  for  controlling  the  unchangeable 
capacity  0~250cc  of  the  pump/motor  1  is  determined 
by  subtracting  the  minimum  displacement  controlling 
current  lMIN  from  the  maximum  displacement  control- 
ling  current  lMAX  in  step  S21  in  Fig.7.  Then,  the 
dynamic  range  lST  is  divided  by  the  maximum  capacity 
250cc  of  the  pump/motor  1  to  determine  the  displace- 
ment  controlling  current  IVn  per  unit  capacity  1cc  in 
this  example  in  step  S22,  whereby  the  program  ends. 

Consequently,  the  displacement  controlling  cur- 
rent  IVn  thus  determined  is  used  to  determine  the  dis- 
placement  controlling  current,  by  0.25A  plus  IVn><  the 
displacement  capacity  of  the  pump/motor  1  as 
required  in  the  example  shown  in  Fig.1  for  controlling 
the  hydraulic  circuit  in  the  braking  mode  or  accelerat- 
ing  mode. 

Claims 

1  .  A  regenerative  braking  system  for  car  compris- 
ing: 

a  hydraulic  oil  circuit  formed  of  a  high  pressure 
accumulator  (11),  a  pump/motor  (1),  a  circuit  shut-off 
valve  (10),  and  a  low  pressure  accumulator  (12); 

means  (2)  for  sensing  the  displacement  angle 
of  said  pump/motor  (1); 

a  displacement  angle  controlling  electromag- 
netic  proportional  control  valve  (3)  for  actually  control- 
ling  the  displacement  capacity  of  said  pump/motor  (1  ); 
characterized  by 

control  means  (13)  for  giving  to  said  control 
valve  (3)  the  maximum  permissible  current  (IMax)  and 
the  minimum  operating  current  (lM!N)  when  said  hyd- 

raulic  circuit  is  not  operated,  thereby  studying  the 
maximum  and  minimum  displacement  controlling  cur- 
rent  of  said  pump/motor  (1)  on  the  basis  of  a  variation 
of  the  sensed  displacement  angle  when  the  maximum 

5  permissible  current  (IMax)  and  the  minimum  operating 
current  (lM!N)  are  respectively  decreased  and 
increased  stepwise,  thereby  determining  a  displace- 
ment  controlling  current  per  a  unit  capacity  for  said 
control  valve  (3). 

10  2.  A  regenerative  braking  system  for  car  accord- 
ing  to  claim  1  ,  further  including  means  (5)  for  sensing 
the  position  of  a  gear  (4)  and  an  electromagnetic 
clutch  (9)  for  connecting  or  disconnecting  said 
pump/motor  (1)  to  or  from  a  PTO  unit  (6),  said  control 

15  means  (13)  finding  that  said  hydraulic  circuit  is  not 
operated  if  the  conditions  that  the  sensed  gear  posi- 
tion  is  any  one  of  neutral  (N),  reverse  (R)  and  parking 
(P),  that  said  electromagnetic  clutch  (9)  is  off,  and  that 
said  circuit  shut-off  valve  (1  0)  is  off  are  fulfilled. 

20  3.  A  regenerative  braking  system  for  car  accord- 
ing  to  claim  2,  wherein  said  control  means  (13)  again 
check  whether  or  not  said  hydraulic  circuit  is  not  oper- 
ated  after  the  maximum  permissible  current  (IMax) 
and  the  minimum  operating  current  (lM!N)  have  been 

25  given  to  said  control  valve  (3). 
4.  A  regenerative  braking  system  for  car  accord- 

ing  to  claim  1  ,  wherein  said  control  means  (13)  deter- 
mine  the  displacement  controlling  current  per  a  unit 
capacity  by  substracting  the  minimum  displacement 

30  controlling  current  (lM!N)  from  the  maximum  displace- 
ment  controlling  current  (IMax)  and  by  dividing  the  dif- 
ference  by  the  maximum  capacity. 

35  Patentanspruche 

1.  Bremssystem  mit  Energieruckgewinnung  fur 
ein  Fahrzeug,  mit 

einem  hydraulischen  Olkreislauf,  der  aus  ei- 
40  nem  Hochdruckspeicher  (11),  einer  Pumpe  bzw.  ei- 

nem  Motor  (1),  einem  Kreislauf-Absperrventil  (10) 
und  einem  Niederdruckspeicher  (12)  gebildet  ist; 

einer  Einrichtung  (2)  zum  Messen  des  Verstell- 
winkels  dergenannten  Pumpe  bzw.  des  Motors  (1); 

45  einem  den  Verstellwinkel  steuernden,  elektro- 
magnetischen,  proportionalen  Steuerventil  (3)  zum 
aktuellen  Aussteuern  des  Verdrangungsvolumens 
der  genannten  Pumpe  bzw.  des  Motors  (1);  gekenn- 
zeichnet  durch 

so  eine  Steuereinrichtung  (13),  urn  an  das  ge- 
nannte  Steuerventil  (3)  den  maximalen  zulassigen 
Strom  (IMax)  und  den  minimalen  Betriebsstrom  (lM!N) 
abzugeben,  wenn  der  genannte  hydraulische  Kreis- 
lauf  nicht  betrieben  wird,  wobei  man  den  maximalen 

55  und  minimalen,  die  Verdrangung  steuernden  Strom 
der  genannten  Pumpe  bzw.  des  Motors  (1)  auf  der 
Grundlage  einer  Anderung  des  gemessenen  Verstell- 
winkels  untersucht,  wenn  der  maximale  zulassige 
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Strom  (IMax)  und  der  minimale  Betriebsstrom  (lM!N) 
entsprechend  stufenweise  verringert  bzw.  erhoht 
wird,  und  hierbei  einen  die  Verstellung  steuernden 
Strom  pro  Volumenseinheit  fur  das  genannte  Steuer- 
ventil  (3)  bestimmt. 

2.  Bremssystem  mit  Energieruckgewinnung  fur 
ein  Fahrzeug  nach  Anspruch  1,  ferner  mit  einer  Ein- 
richtung  (5)  zum  Messen  der  Lage  eines  Getriebes  (4) 
und  einer  elektromagnetischen  Kupplung  (9)  zum 
Herstellen  und  Losen  einer  Verbindung  zwischen  der 
genannten  Pumpe  bzw.  dem  Motor  (1)  und  einer  Lei- 
stungs-Entnahmeeinrichtung,  wobei  die  genannte 
Steuereinrichtung  (13)  veranlalit,  dali  der  genannte 
hydraulische  Kreislauf  nicht  betrieben  wird,  wenn  die 
Bedingungen  erfullt  sind,  dali  die  gemessene  Getrie- 
belage  Neutral  (N),  Ruckwarts  (R)  oder  Parken  (P) 
ist,  dali  die  genannte  elektromagnetische  Kupplung 
(9)  abgestellt  ist,  und  dali  das  genannte  Kreislauf-Ab- 
sperrventil  (10)  abgestellt  ist. 

3.  Bremssystem  mit  Energieruckgewinnung  fur 
ein  Fahrzeug  nach  Anspruch  2,  worin  die  genannte 
Steuereinrichtung  (13)  wiederum  uberpruft,  ob  der 
genannte  hydraulische  Kreislauf  aulier  Betrieb  ist 
oder  nicht,  nachdem  der  maximale  zulassige  Strom 
('max)  und  der  minimale  Betriebsstrom  (lM!N)  an  das 
genannte  Steuerventil  (3)  abgegeben  wurden. 

4.  Bremssystem  mit  Energieruckgewinnung  fur 
ein  Fahrzeug  nach  Anspruch  1,  worin  die  genannte 
Steuereinrichtung  (13)  den  die  Verstellung  pro  Volu- 
menseinheit  steuernden  Strom  bestimmt  durch  Sub- 
trahieren  des  minimalen,  die  Verstellung  steuernden 
Stromes  (lM!N)  vom  maximalen,  die  Verstellung  steu- 
ernden  Strom  (IMax)  und  durch  Dividieren  der  Diffe- 
renz  durch  das  maximale  Volumen. 

Revendications 

pompe/moteur  (1)  sur  la  base  d'un  changement  de 
Tangle  de  deplacement  detecte  lorsque  le  courant 
maximal  admissible  (IMax)  et  le  courant  minimal  de 
manoeuvre  (lM!N)  sont  respectivement  diminue  et  aug- 

5  mente  pas  a  pas,  ce  qui  permet  de  determiner  un  cou- 
rant  de  commande  de  deplacement  par  unite  de 
capacite,pour  ladite  soupape  de  commande  (3). 

2.  Systeme  de  freinage  a  recuperation  pour  vehi- 
cule  suivant  la  revendication  1,  comprenant  en  outre 

10  des  moyens  (5)  de  detection  de  la  position  d'un  chan- 
gement  de  vitesse  (4)  et  d'un  embrayage  electroma- 
gnetique  (9)  pour  accoupler  ledit  dispositif  de 
pompe/moteur  (1)  a  une  unite  de  prise  de  force  (6)  ou 
pour  le  desaccoupler  de  celle-ci,  lesdits  moyens  de 

15  commande  (1  3)  determinant  que  ledit  circuit  hydrau- 
lique  n'est  pas  en  service  si  les  conditions  suivantes 
sont  remplies  :  la  position  du  changement  de  vitesse 
detectee  est  I'une  quelconque  des  positions  de  point 
neutre  (N),  de  marche  arriere  (R)  et  de  garage  (P), 

20  ledit  embrayage  electromagnetique  (9)  est  desaccou- 
ple  et  ladite  vanne  d'isolement  de  circuit  (10)  est  fer- 
mee. 

3.  Circuit  de  freinage  a  recuperation  pour  vehi- 
cule  suivant  la  revendication  2,  dans  lequel  lesdits 

25  moyens  de  commande  (13)  verifient  a  nouveau  si 
ledit  circuit  hydraulique  est.ou  non  en  service,  apres 
la  fourniture  du  courant  maximal  admissible  (IMax)  et 
du  courant  minimal  de  manoeuvre  (lMIN)  a  ladite  sou- 
pape  de  commande  (3). 

30  4.  Systeme  de  freinage  a  recuperation  pour  vehi- 
cule  suivant  la  revendication  1,  dans  lequel  lesdits 
moyens  de  commande  (13)  calculent  le  courant  de 
reglage  de  deplacement  par  unite  de  capacite,  en 
soustrayant  le  courant  de  reglage  de  deplacement 

35  minimal  (lM!N)  du  courant  de  reglage  de  deplacement 
maximal  (IMax)  et  en  divisant  la  difference  par  la  capa- 
cite  maximale. 

1  .  Systeme  de  freinage  a  recuperation  pour  vehi- 
cule,  comprenant  :  40 

un  circuit  d'huile  hydraulique  constitue  d'un 
accumulateur  haute  pression  (11),  d'un  dispositif 
fonctionnanten  pompe/moteur  (1),  d'une  vanne  d'iso- 
lement  de  circuit  (10)  et  d'un  accumulateur  basse 
pression  (12)  ;  45 

des  moyens  (2)  de  detection  de  Tangle  de 
deplacement  dudit  dispositif  de  pompe/moteur  (1)  ; 

une  soupape  de  commande  proportionnelle 
electromagnetique  (3)  de  reglage  de  Tangle  de  depla- 
cement,  pour  regler  effectivement  la  capacite  de  so 
deplacement  du  dit  dispositif  de  pompe/moteur  (1)  ; 
caracterise  par 

des  moyens  de  commande  (13)  pourfournira 
la  dite  soupape  de  commande  (3)  le  courant  maximal 
admissible  (IMax)  et  le  courant  minimal  de  manoeuvre  55 
(lMIN)  lorsque  ledit  circuit  hydraulique  n'est  pas  en  ser- 
vice,  pour  etalonner  ainsi  le  courant  de  commande  de 
deplacement  maximal  et  minimal  dudit  dispositif  de 
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