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©  Problem  diagnosis  system  in  pressure  device  control  apparatus. 
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©  A  pressure  device  control  apparatus  including  a 
pressure  source  having  a  pump,  and  an  accumulator 
connected  to  the  pump  and  a  pressure  device,  and  a 
pressure  detector  for  detecting  the  pressure  in  the 
accumulator;  a  normally-closed  type  solenoid  valve 
interposed  between  the  pressure  device  and  the 
accumulator  or  a  fluid  tank;  and  a  control  unit  having 
a  drive  control  device  for  outputting  a  driving  signal 
indicative  of  a  command  to  operate  the  pump  in 
response  to  a  detection  pressure  detected  in  the 
pressure  detector  becoming  equal  to  or  less  than  a 
first  predetermined  pressure  and  a  drive  stopping 
signal  indicative  of  a  command  for  stopping  the 
operation  of  the  pump  in  response  to  the  detection 
pressure  becoming  equal  to  or  more  than  a  second 
predetermined  pressure  which  is  higher  than  the  first 

predetermined  pressure.  The  control  unit  includes  a 
first  energizing  unit  for  energizing  the  normally- 
closed  type  solenoid  valve  for  a  first  predetermined 
time  after  the  drive  control  device  outputs  the  drive 
stopping  signal,  and  a  deciding  unit  for  deciding  that 
there  is  a  problem  in  response  to  the  detection 
pressure  detected  in  the  pressure  detector  becom- 
ing  equal  to  or  less  than  the  first  predetermined 
pressure  after  the  energization  of  the  normally- 
closed  type  solenoid  valve  by  the  first  energizing 
unit  is  completed.  This  invention  ensures  that  the 
diagnosis  of  the  problem  in  the  pressure  device 
control  apparatus  can  be  reliably  effected  by  the 
release  of  the  pressure  in  the  accumulator  after  the 
pressure  increase  thereof  to  a  level  equal  to  or  more 
than  the  second  predetermined  pressure. 
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Field  of  the  Invention 

This  invention  generally  relates  to  a  system  for 
diagnosing  trouble  in  a  pressure  device  control 
apparatus  which  includes:  a  pressure  source  hav- 
ing  a  pump  for  pumping  a  fluid  from  a  fluid  tank, 
an  accumulator  connected  to  the  pump  and  a  pres- 
sure  device,  and  a  pressure  detector  for  detecting 
pressure  in  the  accumulator;  a  normally-closed 
type  solenoid  valve  interposed  between  the  pres- 
sure  device  and  the  accumulator  or  the  fluid  tank; 
and  a  control  unit  having  a  drive  control  means 
adapted  to  produce  a  driving  signal  indicative  of  a 
command  to  operate  the  pump  in  response  to  a 
detection  pressure  detected  in  the  pressure  detec- 
tor  becoming  equal  to  or  less  than  a  first  predeter- 
mined  pressure  and  to  produce  a  drive  stopping 
signal  indicative  of  a  command  to  stop  the  opera- 
tion  of  the  pump  in  response  to  the  detection 
pressure  becoming  equal  to  or  more  than  a  second 
predetermined  pressure  which  is  higher  than  the 
first  predetermined  pressure. 

Description  of  the  Relevant  Art 

A  pressure  device  control  apparatus  is  used, 
for  example,  in  a  hydraulic  braking  pressure  control 
apparatus  for  a  vehicle  as  disclosed  in  Japanese 
Laid-open  Patent  Application  No.279499/90,  but  in 
this  pressure  device  control  apparatus,  if,  for  exam- 
ple,  the  accumulator  breaks  down  or  has  a  prob- 
lem,  and  sufficient  pressure  cannot  be  insured,  it  is 
difficult  to  insure  the  performance  of  the  pressure 
device.  Therefore,  it  is  required  to  monitor  the 
problem.  To  this  end,  it  is  conventional  practice  to 
detect  the  position  of  a  piston  in  the  accumulator  in 
order  to  constantly  monitor  the  pressure  in  a  back 
pressure  chamber  in  the  accumulator  or  to  detect 
the  elapsed  time  for  an  increase  in  pressure  in  the 
accumulator. 

In  the  techniques  including  the  detection  of  the 
position  of  the  piston  in  the  accumulator  and  the 
constant  monitoring  of  the  pressure  in  the  back 
pressure  chamber  in  the  accumulator,  a  detector  is 
required;  thereby,  resulting  in  an  increase  in  the 
number  of  parts  and  an  increase  in  cost  and  addi- 
tional  technical  difficulties.  Also,  in  the  technique 
including  the  detection  of  the  elapsed  time  for  the 
increase  in  pressure  in  the  accumulator,  it  is  dif- 
ficult  to  detect  the  trouble  with  high  accuracy. 

SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  an  object  of  the  present  in- 
vention  to  provide  a  trouble  diagnosis  system  in  a 
pressure  device  control  apparatus,  wherein  the 
above  problems  are  overcome. 

In  order  to  achieve  the  above  object,  according 

to  the  present  invention,  there  is  provided  a  prob- 
lem  diagnosis  system  in  a  pressure  device  control 
apparatus  which  includes:  a  pressure  source  hav- 
ing  a  pump  for  pumping  a  fluid  from  a  fluid  tank, 

5  an  accumulator  connected  to  the  pump  and  a  pres- 
sure  device  and  a  pressure  detector  for  detecting 
the  pressure  in  the  accumulator;  a  normally-closed 
type  solenoid  valve  interposed  between  the  pres- 
sure  device  and  the  accumulator  or  the  fluid  tank; 

io  and  a  control  unit  having  a  drive  control  means 
adapted  to  output  a  driving  signal  indicative  of  a 
command  to  operate  the  pump  in  response  to  a 
detection  pressure  detected  in  the  pressure  detec- 
tor  becoming  equal  to  or  less  than  a  first  predeter- 

75  mined  pressure  and  to  output  a  drive  stopping 
signal  indicative  of  a  command  to  stop  the  opera- 
tion  of  the  pump  in  response  to  the  detection 
pressure  becoming  equal  to  or  more  than  a  second 
predetermined  pressure  which  is  higher  than  the 

20  first  predetermined  pressure.  The  control  unit  in- 
cludes  a  first  energizing  means  for  energizing  the 
normally-closed  type  solenoid  valve  for  a  first  pre- 
determined  time  after  the  drive  control  means  out- 
puts  the  drive  stopping  signal,  and  a  deciding 

25  means  for  deciding  that  there  is  a  problem  in 
response  to  the  detection  pressure  detected  in  the 
pressure  detector  becoming  equal  to  or  less  than 
the  first  predetermined  pressure  after  the  ener- 
gization  of  the  normally-closed  type  solenoid  valve 

30  by  the  first  energizing  means  is  completed,  the  first 
predetermined  time  being  set  shorter  than  a  time 
taken  for  the  reduction  of  the  pressure  in  the  accu- 
mulator,  which  is  normal,  from  a  predetermined 
level  equal  to  or  more  than  the  second  predeter- 

35  mined  pressure  to  the  first  predetermined  pressure 
in  response  to  an  opening  of  the  normally-closed 
type  solenoid  valve. 

Thus,  the  instant  invention  ensures  that  the 
diagnosis  of  the  trouble  in  the  pressure  device 

40  control  apparatus  can  reliably  be  effected  by  re- 
leasing  the  pressure  in  the  accumulator  after  in- 
creasing  thereof  to  a  level  equal  to  or  more  than 
the  second  predetermined  pressure. 

According  to  another  aspect  of  the  present 
45  invention,  the  accumulator  includes  a  displacing 

member  carried  in  a  housing  and  having  opposite 
surfaces  facing  an  accumulator  chamber  leading  to 
the  pump  and  a  gas-charged  chamber,  respec- 
tively.  The  control  unit  includes  a  storage  means 

50  adapted  to  store  the  fact  that  the  detection  pres- 
sure  detected  in  the  pressure  detector  has  become 
equal  to  or  less  than  the  first  predetermined  pres- 
sure  in  response  to  the  energization  of  the 
normally-closed  type  solenoid  valve  by  the  second 

55  energizing  means  and  to  output  a  storage  signal 
indicating  the  storage  of  such  fact.  The  first  en- 
ergizing  means  is  arranged  to  energize  the 
normally-closed  type  solenoid  valve  for  the  first 
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predetermined  time  after  an  output  of  the  drive 
stopping  signal  by  the  drive  control  means  when 
the  storage  signal  is  outputted  from  the  storage 
means. 

Therefore,  if  there  is  a  significant  chance  or 
possibility  that  there  is  a  venting  of  gas  occurring 
in  the  accumulator,  the  pressure  in  the  accumulator 
is  released  twice;  thereby,  resulting  in  a  high  accu- 
racy  for  diagnosis  of  the  problem.  If  there  is  a 
small  possibility  of  the  venting  of  gas,  the  wasteful 
operation  of  the  normally-closed  type  solenoid 
valve  is  suppressed,  and  the  reduction  of  the  pres- 
sure  in  the  accumulator  to  a  level  equal  to  or  less 
than  the  first  predetermined  pressure  is  stored; 
thereby,  preparing  for  a  next  diagnosis. 

According  to  a  further  aspect  of  the  present 
invention,  the  deciding  means  decides  that  there  is 
a  venting  of  gas  occurring  in  the  accumulator  when 
a  time  from  an  instant  when  the  driving  signal 
indicative  of  a  command  to  drive  the  pump  is 
outputted  from  the  drive  control  means  in  response 
to  the  detection  pressure  detected  in  the  pressure 
detector  becoming  equal  to  or  less  than  the  first 
predetermined  pressure  after  the  completion  of  the 
energization  of  the  normally-closed  type  solenoid 
valve  by  the  first  energizing  means  to  an  instant 
when  the  second  predetermined  pressure  is  de- 
tected  by  the  pressure  detector  is  less  than  a 
defined  time.  The  deciding  means  also  decides 
that  there  is  a  leakage  occurring  in  the  normally- 
closed  type  solenoid  valve  when  such  time  is  equal 
to  or  more  than  the  defined  time. 

Therefore,  it  is  possible  to  decide  whether 
there  is  a  venting  of  gas  occurring  in  the  accumula- 
tor  or  a  leakage  occurring  in  the  normally-closed 
type  solenoid  valve  on  the  basis  of  the  elapsed 
time  for  increasing  the  pressure  in  the  accumulator 
from  the  first  predetermined  pressure  to  the  sec- 
ond  predetermined  pressure  and  to  promptly  carry 
out  a  measure  after  a  problem;  such  as,  a  repair 
which  is  appropriate  for  the  type  of  the  existing 
problem. 

The  above  and  other  objects,  features  and  ad- 
vantages  of  this  invention  will  become  apparent 
from  a  reading  of  the  following  description  of  the 
preferred  embodiments  taken  in  conjunction  with 
the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figs.  1  to  6  illustrate  a  first  embodiment  of  the 
present  invention,  wherein 

Fig.  1  is  a  diagram  of  a  hydraulic  system  in  a 
brake  device  for  an  automobile; 
Fig.  2  is  a  longitudinal  sectional  view  of  an 
accumulator; 
Fig.  3  is  a  diagram  of  an  accumulating  opera- 
tion  characteristic  of  the  accumulator; 

Fig.  4  is  a  graph  illustrating  a  range  of  detec- 
tion  by  a  pressure  detector; 
Fig.  5  is  a  circuit  diagram  illustrating  an  ar- 
rangement  of  an  essential  portion  of  a  control 

5  unit;  and 
Fig.  6  is  a  flow  chart  illustrating  a  procedure 
of  control  by  the  control  unit; 

Fig.  7  is  a  circuit  diagram  similar  to  Fig.5,  but 
illustrating  a  second  embodiment  of  the  present 

io  invention;  and 
Figs.  8  to  12  illustrate  a  third  embodiment  of  the 
present  invention,  wherein 

Fig.  8  is  a  diagram  of  a  hydraulic  system  in  a 
brake  device  for  an  automobile; 

is  Fig.  9  shows  an  arrangement  of  a  control 
unit; 
Fig.  10  is  a  circuit  diagram  illustrating  an 
arrangement  of  a  problem  diagnosis  section 
in  the  control  unit;  and 

20  Figs.  11  and  12  are  flow  charts  illustrating  a 
problem  diagnosis  procedure. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

25 
The  present  invention  will  now  be  described  by 

way  of  embodiments  applied  to  a  brake  device  for 
an  automobile  in  connection  with  the  accompany- 
ing  drawings. 

30  Figs.  1  to  6  illustrate  a  first  embodiment  of  the 
present  invention.  Referring  first  to  Fig.  1,  a  brake 
pedal  1  is  operatively  connected  to  a  master  cyl- 
inder  MC,  and  an  output  hydraulic  pressure  from 
the  master  cylinder  MC  is  transmitted  via  a 

35  modulator  2  serving  as  a  pressure  device  to  a 
wheel  brake  B. 

In  the  wheel  brake  B,  a  hydraulic  pressure 
passage  4  is  connected  to  a  braking  fluid  chamber 
5,  and  the  supply  of  a  hydraulic  pressure  through 

40  the  hydraulic  pressure  passage  4  into  the  braking 
fluid  chamber  5  causes  brake  pistons  6  and  7  to  be 
operated  away  from  each  other  so  that  brake  shoes 
8  and  9  come  into  contact  with  a  brake  drum  (not 
shown)  to  produce  a  braking  torque. 

45  If  the  hydraulic  braking  pressure  within  the 
braking  fluid  chamber  5  is  too  large,  a  braking 
torque  produced  between  each  of  the  brake  shoes 
8  and  9  and  the  brake  drum  becomes  too  large; 
thereby,  resulting  in  a  locked  state  for  a  wheel.  For 

50  this  reason,  if  the  wheel  is  about  to  enter  into  its 
locked  state,  the  hydraulic  braking  pressure  is  re- 
duced  by  the  modulator  2;  thereby,  preventing  the 
wheel  from  its  locked  state. 

The  modulator  2  includes  a  housing  11  formed 
55  into  a  cylindrical  shape  with  its  opposite  ends  oc- 

cluded  and  partitioned  at  its  axially  intermediate 
portion  by  a  partition  wall  10,  and  a  rod  14  having 
pistons  12  and  13  at  its  opposite  ends  with  a 
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portion  of  the  rod  14  between  the  pistons  12  and 
13  axially  slidably  passing  through  the  partition  wall 
10.  A  primary  hydraulic  braking  pressure  chamber 
15  is  defined  between  the  partition  wall  10  and  the 
piston  12  in  order  to  communicate  with  the  master 
cylinder  MC  through  a  hydraulic  pressure  passage 
3.  A  secondary  hydraulic  braking  pressure  cham- 
ber  16  is  defined  between  the  partition  wall  10  and 
the  piston  13  in  order  to  communicate  with  the 
braking  fluid  chamber  5  through  the  hydraulic  pres- 
sure  passage  4.  An  anti-lock  control  hydraulic  pres- 
sure  chamber  17  is  defined  between  one  of  end 
walls  of  the  housing  11  and  the  piston  12,  while  a 
releasing  fluid  chamber  18  is  defined  between  the 
other  end  wall  of  the  housing  11  and  the  piston  13 
in  order  to  communicate  with  a  reservoir  R  for  the 
master  cylinder  MC.  A  spring  19  is  contained  in  the 
secondary  hydraulic  braking  pressure  chamber  16 
for  biasing  the  piston  13  away  from  the  partition 
wall  10,  while  a  spring  20  is  contained  in  the  anti- 
lock  control  hydraulic  pressure  chamber  17  for 
biasing  the  piston  12  toward  the  partition  wall  10. 

A  hydraulic  pressure  passage  21  is  connected 
to  the  anti-lock  control  hydraulic  pressure  chamber 
17  as  well  as  to  a  pressure  source  PS  through  a 
normally-closed  type  solenoid  valve  Vc  and  also  to 
a  fluid  tank  T  through  a  normally-opened  type 
solenoid  valve  V0.  The  pressure  source  PS  in- 
cludes  a  pump  P  for  pumping  a  working  fluid  from 
the  fluid  tank  T,  an  accumulator  AC  connected  to 
the  pump  P,  and  a  pressure  detector  Sp  for  detect- 
ing  the  pressure  in  the  accumulator  AC.  The  on-off 
operation  of  a  motor  M  connected  to  the  pump, 
and  the  opening  and  closing  operations  of  the 
solenoid  valves  Vc  and  V0  are  controlled  by  a 
control  unit  C. 

Referring  now  to  Fig.2,  the  accumulator  AC 
includes  a  cylinder  23  which  is  formed  into  a 
bottomed  cylindrical  shape  with  one  end  closed 
and  is  occluded  at  the  other  end  by  a  lid  member 
22;  and  a  piston  24  slidably  received  in  the  cyl- 
inder  23.  An  accumulator  chamber  25  is  defined 
between  the  lid  member  22  and  the  piston  24, 
while  a  gas  chamber  26  is  defined  between  one 
end  of  the  cylinder  23  and  the  piston  24. 

A  pair  of  annular  sealing  members  27  and  28 
are  fitted  over  an  outer  surface  of  the  piston  24  to 
come  into  sliding  contact  with  an  inner  surface  of 
the  cylinder  23.  A  connecting  pipe  29  is  connected 
to  the  lid  member  22  which  leads  to  the  accumula- 
tor  chamber  25.  The  connecting  pipe  29  is  also 
connected  to  the  pump  P  and  to  the  hydraulic- 
pressure  passage  21  through  the  normally-closed 
solenoid  valve  Vc.  Further,  the  gas  chamber  26  is 
charged  with  gas,  and  the  cylinder  23  is  provided 
at  its  one  or  closed  end  with  a  gas-charging  hole 
30  which  is  openably  and  closably  occluded  by  a 
plug  31.  Moreover,  an  increased-diameter  head 

31a  is  provided  on  the  plug  31,  and  an  annular 
sealing  member  32  is  interposed  between  the 
increased-diameter  head  31a  and  an  outer  surface 
of  the  above-mentioned  end  of  the  cylinder  23. 

5  In  such  an  accumulator  AC,  the  pressure  in  the 
accumulator  chamber  25  is  varied,  as  shown  by  a 
curve  A  in  Fig.3,  when  the  accumulator  AC  is  in 
normal  operation  with  no  gas  vented  from  the  gas 
chamber  26,  whereas  the  pressure  in  the  accu- 

io  mulator  chamber  25  is  varied,  as  shown  by  a  curve 
B  in  Fig.3,  when  the  accumulator  AC  is  in  a  prob- 
lematic  state  having  a  small  amount  of  gas  being 
vented  from  the  gas  chamber  26.  Further,  the  pres- 
sure  in  the  accumulator  chamber  25  is  varied,  as 

is  shown  in  curve  C  in  Fig.  3,  when  the  accumulator 
AC  is  in  a  problematic  state  having  a  large  amount 
of  the  gas  being  vented  from  the  gas  chamber  26. 

The  pressure  detector  Sp  is  a  pressure  switch 
which  is  turned  ON  in  response  to  the  pressure  in 

20  the  accumulator  chamber  25  with  the  accumulator 
AC  exceeding  a  second  predetermined  pressure 
P2  during  an  increase  in  pressure.  The  pressure 
detector  Sp  is  a  pressure  switch  which  is  turned 
OFF  in  response  to  the  pressure  in  the  accumula- 

25  tor  chamber  25  becoming  equal  to  or  less  than  a 
first  predetermined  pressure  Pi  ,  lower  than  the 
second  predetermined  pressure  P2  during  reduc- 
tion  of  the  pressure,  as  shown  in  Fig.  4. 

In  the  state  shown  in  curve  A  in  which  the 
30  accumulator  AC  is  in  normal  operation,  the  width 

corresponding  to  the  time  or  the  accumulated 
amount  taken  for  increasing  of  the  pressure  in  the 
accumulator  chamber  25  from  the  first  predeter- 
mined  pressure  Pi  to  the  second  predetermined 

35  pressure  P2  is  of  a  relatively  large  value  WA.  In  a 
condition  having  a  problem,  as  shown  in  curve  B, 
with  a  small  amount  of  gas  being  vented  from  the 
gas  chamber  26,  the  width  is  of  a  relatively  small 
value  WB.  Further,  in  a  condition  having  a  problem, 

40  as  shown  in  curve  C,  with  a  large  amount  of  the 
gas  being  vented  from  the  gas  chamber  26,  the 
width  is  of  a  further  decreased  value  Wc. 

The  control  unit  C  includes  an  anti-lock  control 
section  CA  for  providing  an  anti-lock  control  of  the 

45  braking  pressure  of  the  wheel  brake  B,  and  a 
problem  diagnosis  section  CB  for  diagnosing  the 
trouble  of  the  accumulator  AC.  The  control  opera- 
tion  of  the  anti-lock  control  section  CA  is  first  de- 
scribed  below. 

50  In  a  condition  in  which  the  normally-closed 
type  solenoid  valve  Vc  is  closed  and  the  normally- 
opened  type  solenoid  valve  V0  is  opened  by  the 
anti-lock  control  section  CA  of  the  control  unit  C, 
the  anti-lock  control  hydraulic  pressure  chamber  17 

55  in  the  modulator  2  is  opened  into  the  fluid  tank  T 
through  the  hydraulic  pressure  passage  21  and  the 
normally-opened  type  solenoid  valve  V0.  If  the 
brake  pedal  is  depressed  down  to  permit  the  hy- 

5 
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draulic  pressure  from  the  master  cylinder  MC  to  be 
supplied  to  the  primary  hydraulic  braking  pressure 
chamber  15,  the  volume  of  the  secondary  hydraulic 
braking  chamber  16  is  decreased,  and  the  hydrau- 
lic  braking  pressure  corresponding  to  the  hydraulic 
pressure  from  the  master  cylinder  MC  is  supplied 
to  the  braking  fluid  chamber  5  in  the  wheel  brake 
B.  Thus,  the  torque  during  braking  can  be  freely 
increased  in  accordance  with  a  braking  operation 
by  a  driver. 

If  the  normally-closed  type  solenoid  valve  Vc  is 
opened  and  the  normally-opened  type  solenoid 
valve  V0  is  closed,  the  hydraulic  pressure  from  the 
accumulator  AC  is  supplied  to  the  anti-lock  control 
hydraulic  braking  pressure  chamber  17.  Thus,  not- 
withstanding  the  hydraulic  pressure  from  the  mas- 
ter  cylinder  MC  being  applied  to  the  primary  hy- 
draulic  braking  pressure  chamber  15,  the  volume  of 
the  secondary  hydraulic  braking  pressure  chamber 
16  is  increased,  and  the  hydraulic  pressure  in  the 
braking  fluid  chamber  5  in  the  wheel  brake  B  is 
decreased  in  order  to  reduce  the  braking  torque. 
Therefore,  the  wheel  can  be  prevented  from  enter- 
ing  into  its  locked  state  by  opening  the  normally- 
closed  type  solenoid  valve  Vc  and  closing  the 
normally-opened  type  solenoid  valve  V0  when  the 
wheel  is  about  to  enter  into  its  locked  state. 

The  arrangement  of  the  trouble  diagnosis  sec- 
tion  CB  in  the  control  unit  C  is  now  described  with 
reference  to  Fig.  5.  The  problem  diagnosis  section 
CB  includes  three  input  terminals  34,  35  and  36, 
and  three  output  terminals  37,  38  and  39.  Starting- 
signal  generating  means  40  and  41  are  connected 
to  the  input  terminals  34  and  35,  respectively.  One 
of  the  starting-signal  generating  means  40  is  ar- 
ranged  in  order  to  turn  ON  and  OFF  a  transistor  43 
connected  to  a  power  source  terminal  42  by  the 
ON  and  OFF  operations  of  a  key  switch  44  for 
starting  an  engine  mounted  in  a  vehicle,  and  a  high 
level  signal  is  applied  to  the  input  terminal  34  by 
turning  ON  the  key  switch  44.  The  other  starting- 
signal  generating  means  41  is  arranged  to  turn  ON 
and  OFF  a  transistor  45  connected  to  the  power 
source  terminal  42  by  the  ON  and  OFF  operation 
of  a  manually  operated  trouble-diagnosis  switch  46, 
and  a  high  level  signal  is  applied  to  the  input 
terminal  35  by  turning  ON  the  problem-diagnosis 
switch  46.  A  pressure  signal  generating  means  47 
is  connected  to  the  input  terminal  36.  The  pressure 
signal  generating  means  47  is  arranged  such  that  it 
turns  ON  and  OFF  a  transistor  48  connected  to  the 
power  source  terminal  42  in  response  to  the  ON 
and  OFF  operation  of  the  pressure  detector  Sp  so 
that  a  low  level  signal  is  applied  to  the  input 
terminal  36  when  the  pressure  detector  Sp  is 
turned  ON.  Further,  the  output  terminal  37  is  con- 
nected  to  the  normally-closed  type  solenoid  valve 
Vc;  and  the  output  terminal  38  is  connected  to  the 

motor  M.  Also  the  output  terminal  39  is  connected 
to  an  alarm  means  49;  such  as,  an  alarm  lamp. 

The  problem  diagnosis  section  CB  includes  a 
drive  control  means  50  adapted  to  produce  a  driv- 

5  ing  signal  indicative  of  a  command  in  order  to 
operate  the  pump  P  in  response  to  the  detection 
pressure  detected  in  the  pressure  detector  Sp  be- 
coming  equal  to  or  less  than  the  first  predeter- 
mined  pressure  Pi  ,  and  to  produce  a  drive-stop- 

io  ping  signal  indicative  of  a  command  so  as  to  stop 
the  operation  of  the  pump  P  in  response  to  such  a 
detection  pressure  becoming  equal  to  or  more  than 
the  second  predetermined  pressure  P2.  The  prob- 
lem  diagnosis  section  CB  also  includes  a  first  en- 

15  ergizing  means  51  for  energizing  the  normally- 
closed  type  solenoid  valve  Vc  for  a  first  predeter- 
mined  time  T1  after  the  drive-stopping  signal  has 
been  produced  by  the  drive  control  means  50;  a 
second  energizing  means  52  for  energizing  the 

20  normally-closed  type  solenoid  valve  Vc  for  a  sec- 
ond  predetermined  time  T2  in  response  to  the 
operation  of  the  key  switch  44  or  the  trouble  di- 
agnosis  switch  46.  The  problem  diagnosis  section 
CB  further  includes  a  deciding  means  53  for  decid- 

25  ing  that  the  accumulator  AC  has  a  problem  in 
response  to  the  detection  pressure  detected  in  the 
pressure  detector  Sp  becoming  equal  to  or  less 
than  the  first  predetermined  pressure  Pi  after  com- 
pletion  of  the  energization  of  the  solenoid  valve  Vc 

30  by  the  first  energizing  means  51;  an  AND  gate 
serving  as  a  first  inactivating  means  for  inactivating 
the  second  energizing  means  52  when  the  detec- 
tion  pressure  detected  in  the  pressure  detector  Sp 
is  equal  to  or  less  than  the  first  predetermined 

35  pressure  Pi  at  the  time  of  the  operation  of  the  key 
switch  44  or  the  problem  diagnosis  switch  46;  and 
an  AND  gate  55  serving  as  a  second  inactivating 
means  for  inactivating  the  first  energizing  means 
51,  except  after  the  energization  of  the  solenoid 

40  valve  Vc  by  the  second  energizing  means  52. 
The  drive  control  means  50  is  formed  as  an 

off-delay  timer.  The  input  terminal  36  is  connected 
to  an  input  terminal  of  the  drive  control  means  50 
having  an  output  terminal  being  connected  to  the 

45  output  terminal  38.  Thus,  the  drive  control  means 
50  is  adapted  to  provide  a  high  level  driving  signal 
from  the  output  terminal  38  to  the  motor  M  as  soon 
as  the  pressure  detector  Sp  is  turned  OFF,  and  a 
high  level  signal  is  supplied  from  the  pressure 

50  signal  generating  means  47  to  the  input  terminal 
36,  and  to  provide  a  low  level  signal  as  a  drive 
stopping  signal  to  the  motor  M  after  a  lapse  of  a 
given  time  (e.g.,  1,000  m  sec.)  from  an  instant 
when  the  pressure  detector  Sp  is  turned  ON  and 

55  the  signal  received  by  the  input  terminal  36  goes  to 
a  low  level. 

The  first  energizing  means  51  is  a  monostable 
circuit  and  is  adapted  to  produce  a  high  level 

6 
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signal  which  is  sustained  for  the  first  predetermined 
time  Ti  from  an  instant  when  a  high  level  signal  is 
received  thereinto.  The  first  predetermined  time  Ti 
is  set  at  a  value  (e.g.,  300  m  sec.)  shorter  than  a 
time  T  taken  for  reducing  the  pressure  in  the 
accumulator  AC  from  a  predetermined  pressure 
which  is  equal  to  or  more  than  the  second  pre- 
determined  pressure  P2  down  to  the  first  predeter- 
mined  pressure  Pi  in  response  to  the  opening  of 
the  normally-closed  solenoid  valve  Vc  when  the 
accumulator  AC  is  in  a  normal  state  (i.e.,  the  state 
as  shown  in  curve  A  in  Fig.  3). 

The  second  energizing  means  52  is  also  a 
monostable  circuit  and  is  adapted  to  produce  a 
high  level  signal  sustained  for  the  second  predeter- 
mined  time  T2  from  an  instant  when  a  high  level 
signal  is  received  thereinto.  The  second  predeter- 
mined  time  T2  is  set  at  a  value  (e.g.,  300  m  sec.) 
shorter  than  the  elapsed  time  T  for  reducing  the 
pressure  in  the  accumulator  AC  from  the  predeter- 
mined  pressure  equal  to  or  more  than  the  second 
predetermined  pressure  P2  down  to  the  first  pre- 
determined  pressure  Pi  in  response  to  the  opening 
of  the  normally-closed  solenoid  valve  Vc  when  the 
accumulator  AC  is  in  the  normal  state  (i.e.,  the 
state  as  shown  in  curve  A  in  Fig.  3). 

Outputs  from  the  first  and  second  energizing 
means  51  and  52  are  inputted  to  an  OR  gate  59 
having  an  output  terminal  connected  to  the  output 
terminal  37.  Thus,  the  normally-closed  type  sole- 
noid  valve  Vc  is  energized  and  opened  in  response 
to  the  output  of  a  high  level  signal  by  at  least  one 
of  the  energizing  means  51  and  52. 

An  output  from  the  AND  gate  54  is  inputted  to 
the  second  energizing  means  52.  An  output  signal 
from  the  OR  gate  58  is  applied  to  the  AND  gate  54, 
while  a  signal  received  into  the  input  terminal  36  is 
applied  in  an  inversed  manner  to  the  AND  gate  54. 
Both  the  input  terminals  34  and  35  are  connected 
to  the  OR  gate  58  in  parallel.  Thus,  the  AND  gate 
54  is  adapted  to  apply  a  high  level  signal  to  the 
second  energizing  means  52  in  response  to  the  ON 
operation  of  at  least  one  of  the  key  switch  44  and 
the  problem  diagnosis  switch  46  only  in  a  state 
where  a  signal  which  is  inputted  to  the  input  termi- 
nal  36  is  of  low  level;  i.e.,  the  pressure  detector  Sp 
is  ON. 

An  output  from  the  AND  gate  55  is  inputted  to 
the  first  energizing  means  51.  An  output  signal 
from  the  drive  control  means  50  is  applied  in  an 
inversed  manner  to  the  AND  gate  55,  while  an 
output  signal  from  a  timer  57  is  applied  to  the  AND 
gate  55.  A  signal  from  an  OR  gate  60  is  inputted 
into  the  timer  57,  and  an  output  signal  from  the  OR 
gate  58  is  applied  to  the  OR  gate  60,  while  an 
output  signal  from  the  second  energizing  means  52 
is  inversed  by  an  inverter  56  and  applied  to  the  OR 
gate  60.  Thus,  a  high  level  signal  is  produced  from 

the  OR  gate  when  the  output  signal  from  the  OR 
gate  58  rises;  i.e.,  when  at  least  one  of  the  key 
switch  44  and  the  trouble  diagnosis  switch  46  is 
turned  ON  or  when  the  output  signal  from  the 

5  second  energizing  means  52  falls;  i.e.,  when  the 
opening  of  the  normally-closed  type  solenoid  valve 
Vc  is  completed  in  response  to  a  turning-ON  of  at 
least  one  of  the  key  switch  44  and  the  problem 
diagnosis  switch  46.  The  timer  57  outputs  a  high 

10  level  signal  which  is  sustained  for  a  given  time 
from  an  instant  when  the  high  level  signal  is  input- 
ted.  The  above-described  given  time  set  in  the 
timer  57  is  determined  at  a  value  substantially 
equal  to  a  time  taken  for  increasing  the  pressure  in 

15  the  accumulator  AC  from  the  first  predetermined 
pressure  Pi  up  to  the  second  predetermined  pres- 
sure  P2  by  the  operation  of  the  pump  P  when  the 
accumulator  AC  is  in  its  normal  state.  This  ensures 
that  the  AND  gate  55  provides  a  high  level  signal 

20  to  the  first  energizing  means  51  only  when  the 
pressure  in  the  accumulator  AC  is  increased  to  a 
level  equal  to  or  more  than  the  second  predeter- 
mined  pressure  P2  within  a  given  time  after  a 
turning-ON  of  at  least  one  of  the  key  switch  44  and 

25  the  trouble  diagnosis  switch  46  or  within  a  given 
time  after  completion  of  the  energization  of  the 
normally-closed  type  solenoid  valve  Vc  by  the  sec- 
ond  energizing  means  52;  thereby,  terminating  the 
operation  of  the  pump  P. 

30  A  signal  from  the  input  terminal  36  and  an 
output  signal  from  the  first  energizing  means  51 
are  inputted  into  the  deciding  means  53,  and  an 
output  signal  from  the  deciding  means  53  is  pro- 
vided  through  the  output  terminal  39  to  the  alarm 

35  means  49.  When  the  changing  of  the  output  signal 
from  the  first  energizing  means  51  is  changed  from 
a  high  level  to  a  low  level  (i.e.,  when  the  comple- 
tion  of  the  energizing  means  51  is  completed),  and 
if  the  detection  pressure  detected  in  the  pressure 

40  detector  Sp  is  equal  to  or  more  than  the  first 
predetermined  pressure  Pi  (i.e.,  if  the  output  signal 
from  the  pressure  signal  generation  means  47  is  of 
a  high  level),  then  the  deciding  means  53  provides 
a  high  level  signal  to  the  alarm  means  49  which  is 

45  in  turn  operated  so  as  to  provide  an  alarm  in 
response  to  a  reception  of  the  high  level  signal  on 
the  basis  of  the  decision  that  the  accumulator  AC 
has  a  problem. 

A  control  procedure  by  the  problem  diagnosis 
50  section  CB  constructed  in  the  above  manner  is  now 

be  described  below  with  reference  to  Fig.  6. 
At  a  first  step  SI,  it  is  decided  whether  or  not  at 

least  one  of  the  key  switch  44  and  the  trouble 
diagnosis  switch  46  has  been  turned  ON  so  as  to 

55  permit  the  high  level  signal  to  be  produced  from  at 
least  one  of  the  starting-signal  generating  means 
40  and  41.  If  the  starting  signal  has  been  gen- 
erated,  then  it  is  decided  at  a  second  step  S2 
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whether  or  not  the  pressure  detector  Sp  is  ON.  If 
the  starting  signal  has  been  generated  and  the 
pressure  detector  Sp  is  ON,  a  high  level  signal  is 
then  produced  from  the  AND  gate  54,  and  in  re- 
sponse  thereto,  a  high  level  signal  sustained  only 
for  the  second  predetermined  time  T2  is  produced 
from  the  second  energizing  means  52  at  a  third 
step  S3;  thereby,  allowing  the  normally-closed  type 
solenoid  valve  Vc  to  be  opened  for  the  second 
predetermined  time  T2.  At  a  subsequent  fourth 
step  S4,  it  is  decided  whether  or  not  the  pressure 
detector  Sp  is  ON.  If  it  has  been  decided  that  the 
pressure  detector  Sp  is  ON,  then  it  is  decided  at  a 
fifth  step  S5  that  the  accumulator  AC  is  normal. 

When  it  has  been  decided  at  the  second  and 
fourth  steps  S2  and  S4  that  the  pressure  detector 
Sp  is  in  its  OFF  state,  the  processing  is  advanced 
to  a  sixth  step  S6  at  which  time  the  operation  of 
the  motor  M  is  started  in  response  to  the  starting 
signal  from  the  drive  control  means  50;  thereby, 
starting  the  accumulation  in  the  accumulator  AC  by 
the  pump  P.  After  it  has  been  decided  at  a  seventh 
step  S7  that  the  pressure  detector  Sp  has  been 
turned  ON,  the  operations  of  the  motor  M  and  the 
pump  P  are  continued  at  an  eighth  step  S8  until 
the  given  time  (e.g.,  1,000  m  sec.)  set  in  the  drive 
control  means  50  has  lapsed.  At  a  ninth  step  S9, 
the  operations  of  the  motor  M  and  the  pump  P  are 
stopped  in  response  to  the  output  of  the  drive 
stopping  signal  from  the  drive  control  means  50. 

At  a  tenth  step  S10,  a  high  level  signal  sus- 
tained  only  for  the  first  predetermined  time  Ti  is 
produced  from  the  first  energizing  means  51,  and 
in  response  thereto,  the  normally-closed  type  sole- 
noid  valve  Vc  is  opened  for  the  first  predetermined 
time  Ti  .  Then,  it  is  decided  at  an  eleventh  step  Sll 
whether  or  not  the  pressure  detector  Sp  is  in  its  ON 
state.  If  the  pressure  detector  Sp  is  in  its  OFF  state, 
then  the  alarm  means  49  is  operated  so  as  to 
provide  an  alarm  at  a  twelfth  step  S12  on  the  basis 
of  the  decision  that  the  accumulator  AC  has  a 
problem.  If  it  has  been  decided  that  the  pressure 
detector  Sp  is  in  its  ON  state,  then  it  is  decided  at 
a  thirteenth  step  S13  that  the  accumulator  AC  is 
normal. 

The  operation  of  the  first  embodiment  is  now 
described  hereinafter.  In  the  problem  diagnosis 
section  CB  in  the  control  unit  CB,  the  motor  M  and 
thus  the  pump  P  are  operated  by  the  drive  control 
means  50  in  response  to  a  turning  OFF  of  the 
pressure  detector  Sp;  thereby,  allowing  the 
normally-closed  type  solenoid  valve  Vc  to  be 
opened  for  the  first  predetermined  time  Ti  by  the 
first  energizing  means  51  in  order  to  release  the 
pressure  in  the  accumulator  AC  after  the  pressure 
in  the  accumulator  AC  has  become  equal  to  or 
more  than  the  second  predetermined  pressure  P2. 
Moreover,  since  the  first  predetermined  time  Ti  is 

set  shorter  than  the  time  T  taken  for  reducing  the 
pressure  in  the  accumulator  AC,  which  is  normal, 
from  a  predetermined  pressure  equal  to  or  more 
than  the  second  predetermined  pressure  P2  down 

5  to  the  first  predetermined  pressure  Pi  in  response 
to  an  opening  of  the  normally-closed  type  solenoid 
valve  Vc,  it  is  possible  to  decide  that  the  accumula- 
tor  AC  has  a  problem  when  the  pressure  in  the 
accumulator  AC  has  become  equal  to  or  less  than 

io  the  first  predetermined  pressure  Pi  as  a  result  of 
an  opening  of  the  normally-closed  type  solenoid 
valve  Vc  for  the  first  predetermined  time  Ti  .  This 
ensures  a  reliable  decision  for  determining  that  the 
accumulator  AC  has  a  problem. 

is  Moreover,  as  described  above,  the  normally- 
closed  type  solenoid  valve  Vc  is  opened  for  the 
second  predetermined  time  T2  by  the  second  en- 
ergizing  means  52  in  response  to  the  generation  of 
the  starting  signal  from  the  starting-signal  generat- 

20  ing  means  40,  41  in  response  to  the  manual  opera- 
tion  of  the  key  switch  44  or  the  problem  diagnosis 
switch  46;  thereby,  releasing  the  pressure  in  the 
accumulator  AC.  The  second  predetermined  time 
T2  is  set  shorter  than  the  elapsed  time  T  for 

25  reducing  the  pressure  in  the  accumulator  AC, 
which  is  normal,  from  the  predetermined  pressure 
equal  to  or  more  than  the  second  predetermined 
pressure  P2  to  the  first  predetermined  pressure  Pi 
in  response  to  an  opening  of  the  normally-closed 

30  type  solenoid  valve  Vc.  Therefore,  as  a  result  of  the 
opening  of  the  normally-closed  type  solenoid  valve 
Vc  for  the  second  predetermined  time  T2,  the  pres- 
sure  in  the  accumulator  AC,  if  the  latter  is  normal, 
may  not  be  reduced  to  the  first  predetermined 

35  pressure  Pi  in  some  cases.  However,  if  the  accu- 
mulator  AC  has  a  problem,  the  pressure  in  the 
accumulator  AC  is  reliablY  reduced  down  to  the 
first  predetermined  pressure  Pi  or  less,  and  the 
drive  control  means  50  and  the  first  energizing 

40  means  51  are  operated  in  response  thereto;  there- 
by,  permitting  the  decision  of  the  problem  of  the 
accumulator  AC  to  be  automatically  carried  out  in 
the  deciding  means  53.  This  ensures  that  the  di- 
agnosis  of  the  problem  of  the  accumulator  AC  can 

45  be  carried  out  at  every  start  of  the  engine  by  an 
operation  of  the  key  switch  and  at  any  time  by  the 
trouble  diagnosis  switch  46. 

When  the  pressure  detector  Sp  is  in  its  OFF 
state,  the  function  of  the  AND  gate  54  ensures  that 

50  the  second  energizing  means  52  cannot  produce  a 
high  level  signal  even  if  the  starting  signal  is  pro- 
duced  from  the  starting-signal  generating  means 
40,  41  .  This  makes  it  possible  to  avoid  any  unnec- 
essary  opening  of  the  normally-closed  type  sole- 

55  noid  valve  Vc  and  to  prevent  a  wasteful  consump- 
tion  of  the  working  fluid  due  to  the  opening  of  the 
normally-closed  type  solenoid  valve  Vc  during  the 
operation  of  the  pump  P. 
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Further,  the  function  of  the  AND  gate  55  en- 
sures  that  the  first  energizing  means  51  is  inac- 
tivated  at  a  time  other  than  at  a  time  of  completion 
of  the  energization  and  opening  of  the  normally- 
closed  type  solenoid  valve  Vc  when  a  starting  sig- 
nal  from  the  starting-signal  generating  means  40, 
41  is  generated  or  at  a  time  other  than  after  atten- 
dant  on  the  generation  of  the  starting  signal  from 
the  starting-signal  generating  means  40,  41.  Ac- 
cordingly,  it  is  possible  to  avoid  any  unnecessary 
opening  of  the  normally-closed  type  solenoid  valve 
Vc.  In  other  words,  the  release  of  pressure  in  the 
accumulator  AC  by  the  opening  of  the  normally- 
closed  type  solenoid  valve  Vc  is  a  wasteful  con- 
sumption  of  pressure,  and  the  opening  of  the 
normally-closed  type  solenoid  valve  Vc  at  the  time 
other  than  during  the  anti-lock  control  must  be 
avoided. 

Moreover,  in  the  accumulator  AC,  the  loss  in 
friction  between  the  cylinder  23  and  the  piston  24 
is  relatively  large.  In  such  an  accumulator  AC,  the 
effect  in  the  accumulator  chamber  25  due  to  a 
small  variation  in  pressure  is  low,  and  a  method,  as 
described  above,  is  particularly  effective.  This 
method  includes,  first,  reducing  the  pressure  in  the 
accumulator  AC  to  a  level  equal  to  or  less  than  the 
first  predetermined  pressure  Pi  and  accumulating 
the  pressure  to  a  level  equal  to  or  more  than  the 
second  predetermined  pressure  P2  and  thereafter, 
again  releasing  the  pressure  for  deciding  on  the 
existence  of  a  problem. 

Fig.  7  is  a  circuit  diagram  similar  to  Fig.  5,  but 
illustrating  a  second  embodiment  of  the  present 
invention,  wherein  parts  corresponding  to  those  in 
the  previously  described  embodiment  are  desig- 
nated  by  like  reference  characters. 

A  problem  diagnosis  section  CB'  in  a  control 
unit  C  includes  a  third  energizing  means  61  substi- 
tuted  for  the  second  energizing  means  52  in  the 
previous  embodiment,  and  an  AND  gate  62  as  a 
third  inactivating  means  substituted  for  the  AND 
gate  54. 

The  third  energizing  means  61  is  a  flip-flop  for 
energizing  the  normally-closed  type  solenoid  valve 
Vc  until  the  pressure  detector  Sp  is  turned  OFF  in 
response  to  the  operation  of  the  starting-signal 
generating  means  40,  41  for  generating  the  starting 
signal  in  response  to  the  manual  operation.  The 
AND  gate  62  is  adapted  to  inactivate  the  third 
energizing  means  61  when  the  pressure  detector 
Sp  is  in  its  OFF  state  at  the  time  of  generation  of 
the  starting  signal  from  the  starting-signal  generat- 
ing  means  40,  41.  An  output  signal  from  the  OR 
gate  58  is  applied  to  the  AND  gate  62,  while  a 
signal  from  the  input  terminal  36  is  applied  in  an 
inversed  manner  to  the  AND  gate  62,  and  the  AND 
gate  62  and  the  input  terminal  36  are  connected  to 
the  third  energizing  means  61. 

With  the  second  embodiment,  an  effect  similar 
to  that  in  the  previous  first  embodiment  can  be 
provided,  and  when  the  pressure  detector  Sp  is  in 
its  ON  state  at  the  time  of  generating  the  starting 

5  signal,  the  normally-closed  type  solenoid  valve  Vc 
is  opened  until  the  pressure  in  the  accumulator  AC 
becomes  equal  to  or  less  than  the  first  predeter- 
mined  pressure  Pi  ;  thereby,  enabling  the  diagnosis 
of  the  problem  in  the  accumulator  AC  to  be  carried 

10  out  at  any  time  or  automatically. 
Figs.  8  to  12  illustrate  a  third  embodiment  of 

the  present  invention.  Fig.  8  is  a  diagram  of  a 
hydraulic  system  for  a  brake  device  for  an  auto- 
mobile;  Fig.  9  is  a  diagram  illustrating  the  arrange- 

15  ment  of  a  control  unit;  Fig.  10  is  a  circuit  diagram 
illustrating  the  arrangement  of  a  problem  diagnosis 
section  in  the  control  unit;  and  Figs.  11  and  12  are 
flow  charts  illustrating  a  problem  deciding  proce- 
dure. 

20  Referring  to  Fig.  8,  left  and  right  front  wheel 
brakes  BFL  and  BFR  are  mounted  on  left  and  right 
front  wheels  of  an  automobile,  respectively,  while 
left  and  right  rear  wheel  brakes  BRL  and  BRR  are 
mounted  on  left  and  right  rear  wheels.  Each  of  the 

25  brakes  BFL,  BFR,  BRL  and  BRR  includes  a  brake 
cylinder  71,  and  a  brake  piston  72  slidably  re- 
ceived  in  the  brake  cylinder  71,  and  exhibits  a 
braking  force  in  accordance  with  an  application  of  a 
hydraulic  braking  pressure  to  a  braking  fluid  cham- 

30  ber  73  defined  between  the  brake  cylinder  71  and 
the  brake  piston  72.  A  brake  pedal  1  is  operatively 
connected  to  a  tandem  type  master  cylinder  MCT 
which  is  capable  of  delivering  a  hydraulic  braking 
pressure  corresponding  to  the  amount  of  brake 

35  pedal  1  depressed  from  a  pair  of  output  ports  75a 
and  75b.  One  of  the  output  ports  75a  is  connected 
to  the  braking  fluid  chamber  73  in  the  left  front 
wheel  brake  BFL  through  a  left  front  wheel  brake 
modulator  2FL  and  also  connected  to  the  braking 

40  fluid  chamber  73  in  the  right  rear  wheel  brake  BRR 
through  a  right  rear  wheel  brake  modulator  2RR. 
The  other  output  port  75b  is  connected  to  the 
braking  fluid  chamber  73  in  the  right  front  wheel 
brake  BFR  through  a  right  front  wheel  brake 

45  modulator  2FR  and  also  connected  to  the  braking 
fluid  chamber  73  in  the  left  rear  wheel  brake  BRL 
through  a  left  rear  wheel  brake  modulator  2RL. 

Each  of  the  modulators  2FL,  2FR,  2RL  and  2RR 
has  basically  the  same  construction  as  the  modula- 

50  tor  2  shown  in  the  first  embodiment  and  hence, 
components  thereof  are  only  shown  with  the  use  of 
the  same  reference  characters  as  those  of  the 
modulator  2,  and  the  detailed  description  thereof  is 
omitted. 

55  A  pressure  source  PS'  is  connected  to  an  anti- 
lock  control  hydraulic  pressure  chamber  17  in  the 
left  front  wheel  brake  modulator  2FL  through  a 
normally-closed  type  solenoid  valve  VCFL,  and  a 
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fluid  tank  T  is  connected  to  such  an  anti-lock 
control  hydraulic  pressure  chamber  17  through  a 
normally-opened  type  solenoid  valve  V0FL.  The 
anti-lock  control  hydraulic  pressure  chamber  17  in 
the  right  front  wheel  brake  modulator  2FL  is  con- 
nected  to  the  pressure  source  PS'  through  the 
normally-closed  type  solenoid  valve  VCFL  and  to  the 
fluid  tank  T  through  the  normally-opened  type  sole- 
noid  valve  V0FL,  while  the  anti-lock  control  hydraulic 
pressure  chambers  17  in  both  the  rear  wheel  brake 
modulators  2RL  and  2RR  are  connected  to  the  pres- 
sure  source  PS'  through  a  common  normally- 
closed  type  solenoid  valve  VCR  and  to  the  fluid  tank 
T  through  a  common  normally-opened  type  sole- 
noid  valve  V0R.  Moreover,  the  normally-closed  type 
solenoid  valve  VCR  and  the  normally-opened  type 
solenoid  valve  V0R  common  to  the  rear  wheel 
brake  modulators  2RL  and  2RR  are  designed  such 
that  a  flow  area  during  opening  thereof  is  larger  as 
compared  to  the  normally-closed  type  solenoid 
valves  VCFL  and  VCFR  and  the  normally-opened  type 
solenoid  valves  V0FL  and  V0FR  independently  cor- 
responding  to  the  front  wheel  brake  modulators  2FL 
and  2FR. 

The  pressure  source  PS'  includes  a  fixed-dis- 
placement  pump  P  connected  to  a  motor  M  for 
pumping  a  working  fluid  from  the  fluid  tank  T,  an 
accumulator  AC  connected  to  the  pump  P,  a  pres- 
sure  detector  Sp  for  detecting  the  pressure  in  the 
accumulator  AC,  and  a  relief  valve  VL  provided 
between  an  inlet  and  an  outlet  of  the  pump  P. 

The  operation  of  the  pump  P;  i.e.,  the  motor  M 
and  the  opening  and  closing  operations  of  the 
normally-closed  type  solenoid  valves  VCFL,  VCFR 
and  VCR,  and  the  normally-opened  type  solenoid 
valves  V0FL,  V0FR  and  V0R  are  controlled  by  a 
control  unit  C"  to  which  is  connected  a  back-up 
power  source  BB  capable  of  supplying  an  electric 
power  regardless  of  the  operational  condition  of  the 
engine  mounted  in  an  automobile.  Connected  to 
the  control  unit  C"  are  wheel  speed  sensors 
Svfl,Svfr,  SVRl  and  SVRR  independently  corre- 
sponding  to  left  and  right  front  and  rear  wheels  for 
detecting  the  wheel  speeds,  and  the  pressure  de- 
tector  Sp. 

Referring  to  Fig.  9,  the  control  unit  C"  includes 
an  anti-lock  control  section  CA"  for  controlling  the 
braking  pressure  of  each  of  the  wheel  brakes  BFL, 
BFR,  BRL  and  BRR,  and  a  problem  diagnosis  section 
CB"  for  diagnosing  the  problem  of  the  accumulator 
AC  and  the  leakage  in  the  normally-closed  type 
solenoid  valve  VCR. 

The  anti-lock  control  section  CA"  includes  input 
terminals  76  to  79  for  independently  receiving  the 
wheel  speeds  detected  in  the  wheel  speed  sensors 
Svfl,  SVFR,  SVRl  and  SVRR,  an  input  terminal  80  for 
receiving  an  anti-lock  control  prohibiting  signal  from 
the  trouble  diagnosis  section  CB",  an  output  termi- 

nal  81  for  outputting  a  signal  indicative  of  a  com- 
mand  to  energize  and  open  the  normally-closed 
type  solenoid  valve  VCFL  corresponding  to  the  left 
front  wheel  brake  modulator  2FL,  an  output  terminal 

5  82  for  outputting  a  signal  indicative  of  a  command 
to  energize  and  close  the  normally-opened  type 
solenoid  valve  V0FL  corresponding  to  the  left  front 
wheel  brake  modulator  2FL,  an  output  terminal  83 
for  outputting  a  signal  indicative  of  a  command  to 

io  energize  and  open  the  normally-closed  type  sole- 
noid  valve  VCFR  corresponding  to  the  right  front 
wheel  brake  modulator  2FR,  an  output  terminal  84 
for  outputting  a  signal  indicative  of  a  command  to 
energize  and  close  the  normally-opened  type  sole- 

15  noid  valve  V0FR  corresponding  to  the  right  front 
wheel  brake  modulator  2FR,  an  output  terminal  85 
for  outputting  a  signal  indicative  of  a  command  to 
energize  and  open  the  normally-closed  type  sole- 
noid  valves  VCR  corresponding  to  both  the  rear 

20  wheel  brake  modulators  2RL  and  2RR,  an  output 
terminal  86  for  outputting  a  signal  indicative  of  a 
command  to  energize  and  close  the  normally- 
opened  type  solenoid  valves  V0R  corresponding  to 
both  the  rear  wheel  brake  modulators  2RL  and  2RR, 

25  and  an  output  terminal  87  for  outputting  a  high 
level  signal  when  both  of  the  left  front  wheel  brake 
BF|_  and  the  right  front  wheel  brake  BFR  are  being 
anti-lock-controlled. 

In  the  anti-lock  control  section  Ca",  it  is  de- 
30  cided  whether  or  not  there  is  a  possibility  of  a 

locking  of  each  wheel  on  the  basis  of  the  wheel 
speed  of  the  wheel,  and  a  signal  corresponding  to 
such  decision  is  outputted  from  a  corresponding 
one  of  the  output  terminals  81  to  87.  For  example, 

35  when  any  of  the  wheels  are  not  likely  to  become 
locked  during  braking,  a  low  level  signal  is  pro- 
duced  from  each  of  the  output  terminals  81  and  87 
and  hence,  the  normally-closed  type  solenoid 
valves  VCFL,  VCFR  and  VCR  are  in  their  deenergized 

40  and  closed  states,  and  the  normally-opened  type 
solenoid  valves  V0FL,  V0FR  and  V0R  are  in  their 
deenergized  and  opened  states.  In  this  condition, 
the  anti-lock  control  hydraulic  pressure  chamber  17 
in  each  of  the  modulators  2FL  to  2RR  is  opened  to 

45  the  fluid  tank  T.  Thus,  if  the  brake  pedal  1  is 
depressed  to  permit  a  hydraulic  pressure  to  be 
supplied  from  the  master  cylinder  MCT  into  the 
primary  hydraulic  braking  pressure  chamber  15, 
the  volume  of  the  secondary  hydraulic  braking 

50  pressure  chamber  16  is  decreased,  and  a  hydraulic 
braking  pressure  corresponding  to  the  hydraulic 
pressure  from  the  master  cylinder  MCT  is  supplied 
to  the  braking  fluid  chamber  73  in  each  of  the 
wheel  brakes  BFL  to  BRR.  This  accordingly  ensures 

55  that  the  torque  during  braking  can  be  freely  in- 
creased  or  decreased  depending  upon  the  braking 
operation  of  a  driver. 

When  a  wheel  is  about  to  become  locked,  any 
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of  the  normally-closed  type  solenoid  valves  VCFL, 
VCFR  and  VCR  corresponding  to  the  wheel  about  to 
become  locked  is  energized  and  opened,  while  any 
of  the  normally-opened  type  solenoid  valves  V0FL, 
V0FR  and  V0R  corresponding  to  the  wheel  about  to 
become  locked  is  energized  and  closed.  In  doing 
so,  a  hydraulic  pressure  is  supplied  from  the  accu- 
mulator  AC  to  the  anti-lock  control  hydraulic  pres- 
sure  chamber  17  in  any  of  the  modulators  2FL,  2FR, 
2RL  and  2RR  corresponding  to  the  wheel  about  to 
become  locked.  Therefore,  notwithstanding  the  hy- 
draulic  pressure  from  the  master  cylinder  MCT  be- 
ing  applied  to  the  primary  hydraulic  braking  pres- 
sure  chamber  15,  the  volume  of  the  secondary 
hydraulic  braking  pressure  chamber  16  is  in- 
creased,  and  the  hydraulic  pressure  in  the  braking 
fluid  chamber  73  in  any  of  the  wheel  brakes  BFL, 
BFR,  BRL  and  BRR  corresponding  to  the  wheel  about 
to  become  locked  is  reduced  in  order  to  decrease 
the  braking  torque;  thus,  the  wheel  is  prevented 
from  entering  into  a  lock  state. 

Further,  the  anti-lock  control  section  CA  "  is 
arranged  such  that  the  anti-lock  control  is  prohib- 
ited  on  the  basis  of  the  decision  that  there  is  a 
venting  of  gas  occurring  in  the  accumulator  AC  in 
the  pressure  source  PS'  or  that  there  is  a  leakage 
occurring  in  the  normally-closed  type  solenoid 
valve  VCR. 

The  trouble  diagnosis  section  CB"  in  the  con- 
trol  unit  C"  includes  an  input  terminal  88  connected 
to  a  starting-signal  generating  means  40  for  output- 
ting  a  high  level  signal,  for  example,  by  turning  ON 
a  key  switch  for  starting  the  engine  of  the  vehicle, 
an  input  terminal  89  connected  to  a  pressure  signal 
generating  means  47  adapted  to  output  a  low  level 
signal  in  response  to  a  turning-ON  of  the  pressure 
detector  Sp  and  to  output  a  high  level  signal  in 
response  to  a  turning-OFF  of  the  pressure  detector 
Sp,  and  an  input  terminal  90  connected  to  the 
output  terminal  87  of  the  anti-lock  control  section 
CA".  Further,  the  problem  diagnosis  section  CB" 
includes  an  output  terminal  91  for  outputting  a 
signal  indicative  of  a  command  to  control  the  op- 
eration  of  the  normally-closed  type  solenoid  valve 
VCFL,  an  output  terminal  92  for  outputting  a  signal 
indicative  of  a  command  to  control  the  operation  of 
the  normally-closed  type  solenoid  valve  VCR,  an 
output  terminal  93  for  outputting  a  signal  indicative 
of  a  command  to  control  the  operation  of  the  motor 
M,  and  an  output  terminal  94  connected  to  an 
alarm  means  49  (such  as,  an  alarm  lamp)  and  to 
the  input  terminal  80  of  the  anti-lock  control  section 
CA". 

The  output  terminal  81  of  the  anti-lock  control 
section  CA"  and  the  output  terminal  91  of  the 
trouble  diagnosis  section  CB"  are  connected  in 
parallel  to  an  OR  gate  96  which  is  connected  to  the 
normally-closed  type  solenoid  valve  VCFL.  Further, 

the  output  terminal  85  of  the  anti-lock  control  sec- 
tion  CA"  and  the  output  terminal  92  of  the  trouble 
diagnosis  section  CB"  are  connected  in  parallel  to 
an  OR  gate  97  which  is  connected  to  the  normally- 

5  closed  type  solenoid  valve  VCR.  Thus,  when  at  least 
one  of  the  output  terminals  81  and  91  outputs  a 
high  level  signal,  the  normally-closed  type  solenoid 
valve  VCFL  is  energized  and  opened.  When  at  least 
one  of  the  output  terminals  85  and  92  outputs  a 

io  high  level  signal,  the  normally-closed  type  solenoid 
valve  VCR  is  energized  and  opened. 

In  reference  to  Fig.  10,  the  trouble  diagnosis 
section  CB"  includes  a  drive  control  means  50' 
adapted  to  output  a  starting  signal  indicative  of  a 

is  command  to  operate  the  pump  P  in  response  to 
the  detection  pressure  detected  in  the  pressure 
detector  Sp  becoming  equal  to  or  less  than  the  first 
predetermined  pressure  Pi  and  to  output  a  drive 
stopping  signal  indicative  of  a  command  to  stop 

20  the  operation  of  the  pump  P  in  response  to  the 
detection  pressure  becoming  equal  to  or  more  than 
the  second  pressure  P;  a  second  energizing  means 
52'  adapted  to  output  for  the  second  predeter- 
mined  time  T2  a  high  level  signal  indicative  of  a 

25  command  to  energize  the  normally-closed  type  so- 
lenoid  valves  VCFL  and  VCR  in  response  to  genera- 
tion  of  the  starting  signal  from  the  starting-signal 
generating  means  40;  and  a  storage  means  98 
adapted  to  store  the  fact  that  the  detection  pres- 

30  sure  detected  in  the  pressure  detector  Sp  has 
become  equal  to  or  less  than  the  first  predeter- 
mined  pressure  Pi  in  response  to  energization  of 
the  normally-closed  type  solenoid  valves  VCFL  and 
VCR  by  the  second  energizing  means  52'  and  to 

35  output  a  storage  signal  indicative  of  the  storage  of 
such  fact.  The  trouble  diagnosis  section  CB"  further 
includes  a  first  energizing  means  51'  adapted  to 
produce  a  high  level  signal  to  energize  the 
normally-closed  type  solenoid  valve  VCR  for  the 

40  first  predetermined  time  Ti  after  outputting  of  the 
drive  stopping  signal  from  the  drive  control  means 
50'  when  the  storage  signal  is  produced  from  the 
storage  means  98;  and  a  decision  means  53'  for 
deciding  whether  there  is  a  venting  a  gas  occurring 

45  in  the  accumulator  AC  or  a  leakage  occurring  in  the 
normally-closed  type  solenoid  valve  VCR  in  accor- 
dance  with  the  time  from  an  instant  when  the 
detection  pressure  detected  in  the  pressure  detec- 
tor  Sp  becomes  equal  to  or  less  than  the  first 

50  predetermined  pressure  Pi  after  the  completion  of 
the  energization  of  the  normally-closed  type  sole- 
noid  valve  VCR  to  a  time  when  the  detection  pres- 
sure  becomes  equal  to  or  more  than  the  second 
predetermined  pressure  P2  after  the  operation  of 

55  the  pump  P  is  started  by  the  drive  control  means 
50'.  The  trouble  diagnosis  section  CB"  further  in- 
cludes  a  memory  99  adapted  to  store  the  decision 
of  the  venting  of  gas  occurring  in  the  accumulator 
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AC  or  the  leakage  occurring  in  the  normally-closed 
type  solenoid  valve  VCR  in  response  to  such  a 
decision  by  the  decision  means  53'  and  to  produce 
a  command  signal  for  commanding  the  prohibition 
of  the  anti-lock  control  as  well  as  the  alarming 
operation  of  the  alarm  means  49  while  the  storing 
state  is  being  sustained;  an  AND  gate  100  adapted 
to  inactivate  the  second  energizing  means  52' 
when  the  detection  pressure  detected  in  the  pres- 
sure  detector  Sp  is  equal  to  or  less  than  the  first 
predetermined  pressure  Pi  at  the  time  of  genera- 
tion  of  the  starting  signal  from  the  starting-signal 
generating  means  40;  and  an  AND  gate  101  adapt- 
ed  to  stop  the  outputting  of  the  storage  signal  if 
such  a  storage  signal  is  outputted  from  the  storage 
means  98  in  a  condition  whereby  the  energization 
of  the  normally-closed  type  solenoid  valves  VCFL 
and  VCR  by  the  second  energizing  means  52'  or 
the  energization  of  the  normally-closed  type  sole- 
noid  valve  VCR  by  the  first  energizing  means  51' 
has  been  completed,  and  whereby  the  detection 
pressure  detected  in  the  pressure  detector  Sp  ex- 
ceeds  the  first  predetermined  pressure  Pi  . 

The  drive  control  means  50'  is  formed  as  an 
off-delay  timer.  The  input  terminal  89  is  connected 
to  an  input  end  of  the  drive  control  means  50' 
having  an  output  end  which  is  connected  to  an 
input  end  of  the  OR  gate  102  in  parallel  to  the  input 
terminal  90.  An  output  end  of  the  OR  gate  102  is 
connected  to  the  output  terminal  93.  The  drive 
control  means  50'  is  adapted  to  produce  a  high 
level  driving  signal  as  soon  as  a  high  level  signal  is 
inputted  from  the  pressure  signal  generating  means 
47  to  the  input  terminal  89  in  response  to  the 
pressure  in  the  accumulator  AC  becoming  equal  to 
or  less  than  the  first  predetermined  pressure  Pi  , 
and  to  produce  a  low  level  signal  as  a  drive  stop- 
ping  signal  after  a  lapse  of  a  given  delay  time  (e.g., 
1,000  m  sec)  from  an  instant  when  a  low  level 
signal  is  inputted  from  the  pressure  signal  generat- 
ing  means  47  to  the  input  terminal  89  in  response 
to  the  pressure  in  the  accumulator  AC  becoming 
equal  to  or  more  than  the  second  predetermined 
pressure  P2. 

The  delay  time  (e.g.,  1,000  m  sec)  set  in  the 
drive  control  means  50'  is  determined  such  that  the 
pressure  in  the  accumulator  chamber  25  during 
stoppage  of  the  operation  of  the  fixed  displacement 
pump  P  is  less  than  a  third  predetermined  pressure 
P3.  The  third  predetermined  pressure  P3  is  set 
higher  than  the  second  predetermined  pressure  P2, 
as  shown  in  Figs.  3  and  4.  Moreover,  the  relief 
valve  VL  provided  in  the  pressure  source  PS'  is 
designed  to  be  opened  in  response  to  the  pressure 
accumulated  in  the  accumulator  chamber  25  be- 
coming  equal  to  or  more  than  the  third  predeter- 
mined  pressure  P3. 

In  this  manner,  a  high  level  driving  signal  indi- 

cative  of  a  command  to  operate  the  pump  P  and 
thus,  the  motor  M  when  the  anti-lock  control  is 
being  conducted,  is  continuously  delivered  from 
the  OR  gate  102  (i.e.,  the  output  terminal  93). 

5  During  this  time,  when  the  pressure  in  the  accu- 
mulator  chamber  25  in  the  accumulator  AC  be- 
comes  equal  to  or  more  than  the  third  predeter- 
mined  pressure  P3,  the  relief  valve  VL  is  opened  to 
permit  a  surplus  working  fluid  to  be  returned  to  the 

10  fluid  tank  T.  When  the  anti-lock  control  is  not 
conducted,  a  driving  signal  is  delivered  from  the 
OR  gate  (i.e.,  the  output  terminal  93)  which  driving 
signal  goes  to  a  high  level  when  the  detection 
pressure  detected  in  the  pressure  detector  Sp  be- 

15  comes  equal  to  or  less  than  the  first  predetermined 
pressure  Pi  .  The  high  level  of  the  driving  signal  is 
sustained  until  a  given  delay  time  lapses  from  an 
instant  when  the  detection  pressure  becomes  equal 
to  or  more  than  the  second  predetermined  pres- 

20  sure  P2.  During  this  time,  the  pressure  in  the 
accumulator  chamber  25  cannot  be  increased  to  a 
level  equal  to  or  more  than  the  third  predetermined 
pressure  P3  by  the  operation  of  the  motor  M  (i.e., 
the  pump  P). 

25  The  second  energizing  means  52'  includes  a 
first  energizing-signal  generating  circuit  104  which 
is  a  monostable  circuit  and  adapted  to  produce  a 
high  level  signal  sustained  for  the  second  predeter- 
mined  time  T2  in  response  to  a  reception  of  a  high 

30  level  signal  thereinto,  and  a  second  energizing- 
signal  generating  circuit  105  which  is  also  a  mon- 
ostable  circuit  and  adapted  to  produce  a  high  level 
signal  sustained  for  the  second  predetermined  time 
T2  in  response  to  a  reception  of  a  high  level  signal 

35  thereinto.  An  output  end  of  the  first  energizing- 
signal  generating  circuit  104  is  connected  to  the 
output  end  91,  while  an  output  terminal  of  the 
second  energizing-signal  generating  circuit  105  and 
the  output  end  of  the  first  energizing  means  51'  are 

40  connected  to  an  input  terminal  of  an  OR  gate  106 
in  parallel.  The  OR  gate  106  is  connected  to  the 
output  terminal  92.  Thus,  when  the  high  level  signal 
is  outputted  from  the  first  energizing-signal  gen- 
erating  circuit  104,  the  normally-closed  type  sole- 

45  noid  valve  VCFL  is  energized  and  opened.  When  the 
high  level  signal  is  outputted  from  the  second 
energizing-signal  generating  circuit  105,  the 
normally-closed  type  solenoid  valve  VCR  is  ener- 
gized  and  opened.  Moreover,  the  flow  area  of  the 

50  normally-closed  type  solenoid  valve  VCR  during 
opening  thereof  is  larger  than  the  flow  area  of  the 
normally-closed  type  solenoid  valve  VCFL  during 
opening  thereof,  and  the  durations  of  the  high  level 
signals  from  the  energizing-signal  generating  cir- 

55  cuits  104  and  105  are  the  second  predetermined 
time  T2  and  are  similar.  Therefore,  the  amount  of 
working  fluid  released  from  the  accumulator  AC  as 
a  result  of  the  opening  of  the  normally-closed  type 
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solenoid  valve  VCR  by  the  second  energizing-signal 
generating  circuit  105  is  larger  than  the  amount  of 
working  fluid  released  from  the  accumulator  AC  as 
a  result  of  the  opening  of  the  normally-closed  type 
solenoid  valve  VCFL  by  the  first  energizing-signal 
generating  circuit  104. 

The  second  predetermined  time  T2  is  set  at  a 
value  (e.g.,  300  m  sec)  shorter  than  the  elapsed 
time  T  for  the  reduction  of  the  pressure  in  the 
accumulator  AC  from  a  predetermined  pressure 
equal  to  or  more  than  the  second  predetermined 
pressure  down  to  the  first  predetermined  pressure 
Pi  in  response  to  the  opening  of  the  normally- 
closed  type  solenoid  valves  VCFL  and  VCR  with  the 
accumulator  AC  being  in  its  normal  state  (i.e.,  the 
state  as  shown  in  curve  A  in  Fig.  3). 

The  starting  signal  from  the  input  terminal  88  is 
applied  to  the  input  end  of  the  AND  gate  100,  and 
the  pressure  signal  from  the  input  terminal  89  is 
also  applied  in  an  inverted  manner  to  the  input  end 
of  the  AND  gate  100.  Therefore,  the  AND  gate  100 
produces  a  high  level  signal  only  when  a  high  level 
signal  is  received  thereinto  from  the  starting-signal 
generating  means  40  in  a  condition  in  which  the 
detection  pressure  detected  in  the  pressure  detec- 
tor  Sp  is  not  equal  to  or  less  than  the  first  predeter- 
mined  pressure  Pi  . 

An  output  signal  from  the  AND  gate  100  is 
applied  to  AND  gates  107  and  108,  and  an  output 
signal  from  the  storage  means  98  is  applied  to  one 
of  the  AND  gates  107  in  an  inverted  manner  and  to 
the  other  AND  gate  108.  Output  signals  from  the 
AND  gates  107  and  108  are  applied  to  the  first  and 
second  energizing-signal  generating  circuits  104 
and  105  in  the  second  energizing  means  52',  re- 
spectively. 

Thus,  the  first  energizing-signal  generating  cir- 
cuit  104  generates  an  energizing  signal  for  the 
second  predetermined  time  T2  in  a  condition  in 
which  the  outputting  of  a  high  level  storage  signal 
from  the  storage  means  98  has  been  stopped  upon 
reception  of  the  high  level  signal  from  the  starting- 
signal  generating  means  40  when  the  pressure  in 
the  accumulator  AC  is  not  equal  to  or  less  than  the 
first  predetermined  pressure.  The  second 
energizing-signal  generating  circuit  105  delivers  an 
energizing  signal  for  the  second  predetermined 
time  T2  in  a  condition  in  which  a  high  level  storage 
signal  has  been  outputted  from  the  storage  means 
98  upon  reception  of  the  high  level  signal  from  the 
starting-signal  generating  means  40  when  the  pres- 
sure  in  the  accumulator  AC  is  not  equal  to  or  less 
than  the  first  predetermined  pressure. 

The  storage  means  98  is  a  flip-flop  which  out- 
puts  a  high  level  storage  signal  in  response  to  a 
reception  of  a  high  level  signal  from  an  AND  gate 
109  and  is  reset  in  response  to  a  reception  of  a 
high  level  reset  signal  from  the  AND  gate  101. 

An  output  signal  from  the  first  energizing-signal 
generating  circuit  104  in  the  second  energizing 
means  52'  is  inverted  in  an  inverter  110  and  ap- 
plied  to  the  AND  gate  109,  and  a  pressure  signal 

5  received  into  the  input  terminal  89  is  applied  to  the 
AND  gate  109.  A  high  level  signal  is  delivered  from 
the  AND  gate  109  to  the  storage  means  98  when 
an  output  signal  from  the  pressure  detector  Sp  is  of 
a  high  level;  i.e.,  the  pressure  in  the  accumulator 

io  AC  is  equal  to  or  less  than  the  first  predetermined 
pressure  Pi  upon  the  completion  of  rising  of  an 
output  signal  from  the  inverter  and  upon  the  com- 
pletion  of  energization  of  the  normally-closed  type 
solenoid  valve  CCFl  by  the  first  energizing-signal 

is  generating  circuit  104.  Thus,  the  storage  means  98 
stores  the  fact  that  the  detection  pressure  detected 
in  the  pressure  detector  Sp  has  become  equal  to  or 
less  than  the  first  predetermined  pressure  Pi  in 
response  to  energization  of  the  normally-closed 

20  type  solenoid  valve  VCFL  by  the  first  energizing- 
signal  generating  circuit  104  in  the  second  energiz- 
ing  means  52',  and  the  storage  means  98  produces 
a  high  level  storage  signal  indicative  of  the  storage 
of  such  fact. 

25  The  first  energizing  means  51'  is  a  monostable 
circuit  which  produces  a  high  level  energizing  sig- 
nal  sustained  for  the  first  predetermined  time  Ti  in 
response  to  a  reception  of  a  high  level  signal  from 
an  AND  gate  111.  The  output  signal  from  the  first 

30  energizing  means  51'  is  connected  to  the  output 
terminal  92  through  the  OR  gate  106;  and  thus,  the 
normally-closed  type  solenoid  valve  VCR  is  ener- 
gized  and  opened  for  the  first  predetermined  time 
Ti  by  the  first  energizing  means  51'. 

35  The  first  predetermined  time  Ti  is  set  at  a 
value  (e.  g.,  300  m  sec)  shorter  than  the  time  T 
taken  for  reducing  the  pressure  in  the  accumulator 
AC  from  the  predetermined  level  equal  to  or  more 
than  the  second  predetermined  pressure  P2  to  the 

40  first  predetermined  pressure  Pi  with  the  accumula- 
tor  AC  being  in  its  normal  state  (i.e.,  the  state  as 
shown  in  curve  A  in  Fig'.  3). 

An  output  signal  form  the  storage  means  98  is 
inputted  into  the  AND  gate  111,  and  an  output 

45  signal  from  the  drive  control  means  50'  is  inputted 
into  the  AND  gate  111  in  an  inverted  manner. 
Further,  an  output  signal  from  a  timer  112  is  input- 
ted  into  the  AND  gate  111.  Thus,  the  AND  gate  1  1  1 
delivers  a  high  level  signal  to  the  first  energizing 

50  means  50'  when  the  output  signal  from  the  drive 
control  means  50'  is  changed  from  a  high  level  to  a 
low  level;  i.e.,  when  the  operation  of  the  motor  M  is 
stopped  in  a  condition  wherein  a  high  level  signal 
sustained  for  a  given  time  is  produced  from  the 

55  timer  112  upon  the  outputting  of  a  high  level  stor- 
age  signal  from  the  storage  means  98. 

A  signal  from  an  OR  gate  113  is  inputted  into 
the  timer  112.  Output  signals  from  the  first  and 
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second  energizing-signal  generating  circuits  104 
and  105  are  inverted  in  inverters  110  and  114,  and 
inputted  into  the  timer  112,  and  a  signal  from  the 
input  terminal  88  is  inputted  into  the  OR  gate  113. 
Thus,  a  high  level  signal  is  delivered  from  the  OR 
gate  113  when  a  high  level  starting  signal  is  input- 
ted  from  the  starting-signal  generating  means  40  or 
in  response  to  a  fall  of  at  least  one  of  the  output 
signals  from  the  first  and  second  energizing-signal 
generating  circuits  104  and  105  (i.e.,  in  response  to 
the  completion  of  opening  of  the  normally-closed 
type  solenoid  valve  VCFL  or  VCR  upon  the  reception 
of  the  starting  signal).  The  timer  112  produces  a 
high  level  signal  sustained  for  a  given  time  after 
the  reception  of  the  high  level  signal.  Such  a  given 
time  set  in  the  timer  112  is  determined  at  about  a 
value  required  for  increasing  the  pressure  in  the 
accumulator  AC  from  the  first  predetermined  pres- 
sure  Pi  to  the  second  predetermined  pressure  P2 
by  the  operation  of  the  pump  P  when  the  accu- 
mulator  AC  is  in  its  normal  state. 

A  signal  from  the  input  terminal  89  is  inputted 
into  the  AND  gate  101  in  an  inverted  manner,  and 
an  output  signal  from  an  OR  gate  115  is  inputted 
into  the  AND  gate  101.  An  output  signal  from  the 
first  energizing-signal  generating  circuit  104  in  the 
second  energizing  means  52'  and  an  output  signal 
from  the  first  energizing  means  51'  are  inadver- 
tently  inputted  into  the  OR  gate  115.  Thus,  when 
the  completion  of  the  energization  of  the  normally- 
closed  type  solenoid  valve  VCFL  by  the  first 
energizing-signal  generating  circuit  104  in  the  sec- 
ond  energizing  means  52'  is  completed,  or  when 
the  energization  of  the  normally-closed  type  sole- 
noid  valve  VCR  is  completed,  if  the  pressure  in  the 
accumulator  AC  is  not  equal  to  or  less  than  the  first 
predetermined  pressure  Pi  ,  then  a  high  level  reset 
signal  is  outputted  from  the  AND  gate  101;  thereby, 
resetting  the  storage  means  98. 

A  signal  from  the  input  terminal  89,  a  signal 
from  the  drive  control  means  50'  and  an  output 
signal  from  the  first  energizing  means  51'  are  in- 
putted  into  the  deciding  means  53',  and  an  output 
signal  from  the  deciding  means  53'  is  applied  to 
the  memory  99.  The  deciding  means  53'  counts 
the  time  from  an  instant  when  the  pressure  in  the 
accumulator  AC  has  become  equal  to  or  less  than 
the  first  predetermined  pressure  Pi  in  order  to 
permit  the  driving  signal  to  be  delivered  from  the 
drive  control  means  50'  when  the  output  signal 
from  the  first  energizing  means  51'  has  been 
changed  from  the  high  level  to  the  low  level  (i.e., 
when  the  energization  of  the  normally-closed  type 
solenoid  valve  VCR  by  the  first  energizing  means 
51'  has  been  completed)  to  an  instant  when  the 
pressure  in  the  accumulator  AC  reaches  a  level 
equal  to  or  more  than  the  second  predetermined 
pressure  P2.  If  such  time  is  less  than  a  defined 

time,  the  deciding  means  53'  decides  that  there  is 
a  venting  of  gas  occurring  in  the  accumulator  AC, 
and  if  such  time  is  equal  to  more  than  the  defined 
time,  the  deciding  means  53'  decides  that  there  is 

5  a  leakage  occurring  in  the  normally-closed  type 
solenoid  valve  VCR.  The  defined  time  is  set  shorter 
than  the  time  corresponding  to  the  width  WA,  as 
shown  in  Fig.  3,  when  the  accumulator  AC  is  nor- 
mal.  If  there  is  a  venting  of  gas  produced  in  the 

10  accumulator  AC,  the  pressure  in  the  accumulator 
AC  is  increased  from  the  first  predetermined  pres- 
sure  Pi  up  to  a  level  equal  to  or  more  than  the 
second  predetermined  pressure  P2  for  a  shorter 
time  than  that  when  the  accumulator  AC  is  normal. 

15  Accordingly,  it  is  possible  to  decide  the  existence 
of  a  venting  of  gas  produced  in  the  accumulator 
AC.  On  the  other  hand,  if  there  is  a  leakage  pro- 
duced  in  the  normally-closed  type  solenoid  valve 
VCR,  the  working  fluid  from  the  pump  P  is  leaked 

20  through  the  normally-closed  type  solenoid  valve 
VCR  to  the  fluid  tank  T  and  therefore,  it  is  possible 
to  decide  that  there  is  a  leakage  produced  in  the 
normally-closed  type  solenoid  valve  VCR  on  the 
basis  of  the  fact  that  the  pressure  in  the  accumula- 

25  tor  AC  would  not  become  equal  to  or  more  than  the 
second  predetermined  pressure  P2  even  in  a  rela- 
tively  long  time. 

Signals  corresponding  to  the  facts  that  there  is 
a  venting  a  gas  occurring  in  the  accumulator  AC 

30  and  that  there  is  a  leakage  occurring  in  the 
normally-closed  type  solenoid  valve  VCR  are  input- 
ted  from  the  deciding  means  53'  to  the  memory 
99.  The  memory  99  stores  the  decision  of  the  fact 
that  there  is  the  venting  of  gas  occurring  in  the 

35  accumulator  AC  or  the  leakage  occurring  in  the 
normally-closed  type  solenoid  valve  VCR  in  re- 
sponse  to  such  a  decision,  and  outputs  a  high  level 
command  signal  while  the  storage  is  being  sus- 
tained.  Moreover,  the  memory  99  is  such  that  it 

40  releases  the  storage  in  response  to  the  disconnec- 
tion  of  the  control  unit  C"  and  the  back-up  power 
source  BB  (see,  Fig.  1)  from  each  other  when  the 
venting  of  gas  in  the  accumulator  AC  has  been 
stored  therein.  Also,  the  memory  99  is  such  that  it 

45  releases  the  storage  in  response  to  either  the  dis- 
connection  of  the  control  unit  C"  and  the  back-up 
power  source  BB  (see,  Fig.  1)  from  each  other  or 
the  stopping  of  the  operation  of  the  engine  moun- 
ted  in  the  automobile  (i.e.,  in  response  to  the 

50  output  signal  from  the  starting-signal  generating 
means  40  becoming  the  low  level)  when  the  leak- 
age  in  the  normally-closed  type  solenoid  valve  CCR 
has  been  stored  therein.  Such  a  release  of  the 
storage  causes  the  output  signal  to  become  the  low 

55  level. 
A  procedure  for  the  control  by  the  problem 

diagnosis  section  CB"  arranged  in  the  above  man- 
ner  will  be  described  below  with  reference  to  Figs. 
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11  and  12.  At  the  outset,  at  a  first  step  SS1  in  Fig. 
1  1  ,  it  is  decided  whether  or  not  a  high  level  starting 
signal  has  been  produced  from  the  starting-signal 
generating  means  40.  If  the  starting  signal  has 
been  produced,  it  is  decided  at  a  second  step  SS2 
whether  or  not  the  pressure  detector  Sp  has  been 
turned  ON  by  the  detection  of  the  second  predeter- 
mined  pressure  P2,  and  a  low  level  signal  is  pro- 
duced  by  the  pressure  signal  generating  means  47. 
If  the  starting  signal  has  been  produced  and  the 
pressure  detector  Sp  has  been  turned  ON,  a  high 
level  signal  is  outputted  from  the  AND  gate  100 
and  in  response  thereto,  it  is  decided  at  a  third 
step  SS3  whether  or  not  a  flag  F  is  "1  ".  The  flag  F 
indicates  that  the  pressure  in  the  accumulator  AC 
has  become  equal  to  or  less  than  the  first  predeter- 
mined  pressure  Pi  upon  the  outputting  of  a  high 
level  storage  signal  by  the  storage  means  98,  (i.e., 
in  response  to  the  energization  of  the  normally- 
closed  type  solenoid  valve  VCFL  by  the  first 
energizing-signal  generating  circuit  104  in  the  sec- 
ond  energizing  means  52'.  If  F  =  0,  the  processing 
is  advanced  to  a  fourth  step  SS4,  and  if  F  =  1  ,  the 
processing  is  advanced  to  an  eight  step  SS8. 

At  the  fourth  step  SS4,  the  normally-closed 
type  solenoid  valve  VCFL  is  energized  and  opened 
by  the  outputting  of  an  energizing  signal  sustained 
for  the  second  predetermined  time  T2  from  the  first 
energizing-signal  generating  circuit  104  in  the  sec- 
ond  energizing  means  52'.  At  a  fifth  step  SS5,  it  is 
decided  whether  or  not  the  pressure  detector  Sp  is 
ON.  If  it  has  been  decided  at  the  fifth  step  SS5  that 
the  pressure  detector  Sp  is  OFF  (i.e.,  when  the 
pressure  in  the  accumulator  AC  has  become  equal 
to  or  less  than  the  first  predetermined  pressure 
Pi),  the  motor  M  is  operated  at  a  sixth  step  SS6, 
and  the  flag  F  is  set  at  "1  "  at  a  seventh  step  SS7, 
and  progressing  to  a  main  routine  for  carrying  out  a 
procedure  for  providing  an  anti-lock  control  by  the 
anti-lock  control  section  CA".  If  it  has  been  decided 
at  the  fifth  step  SS5  that  the  pressure  detector  Sp 
is  ON,  the  processing  is  advanced  directly  to  the 
main  routine  bypassing  the  sixth  and  seventh  steps 
SS6  and  SS7. 

At  the  eighth  step  SS8,  the  normally-closed 
type  solenoid  valve  VCR  is  energized  and  opened 
by  the  outputting  of  an  energizing  signal  sustained 
for  the  second  predetermined  time  T2  from  the 
second  energizing-signal  generating  circuit  105  in 
the  second  energizing  means  52'.  At  a  subsequent 
ninth  step  SS9,  it  is  decided  whether  or  not  the 
pressure  detector  Sp  is  ON.  If  it  has  been  decided 
at  the  ninth  step  SS9  that  the  pressure  detector  Sp 
is  ON,  the  flag  F  is  reset  at  a  tenth  step  SS10,  and 
progressing  to  the  main  routine. 

If  the  pressure  detector  Sp  is  OFF  at  both  the 
second  and  ninth  steps  SS2  and  SS9,  the  process- 
ing  is  advanced  to  an  eleventh  step  SS11  where 

the  operation  of  the  motor  M  is  started  by  the 
starting  signal  from  the  drive  control  means  50', 
and  the  accumulation  in  the  accumulator  AC  by  the 
pump  P  is  started.  After  it  is  decided  at  a  twelfth 

5  step  SS12  that  the  pressure  detector  Sp  has  been 
turned  ON,  the  operations  of  the  motor  M  and  the 
pump  P  are  continued  at  a  thirteenth  step  SS13 
until  a  delay  time  set  in  the  drive  control  means  50' 
(e.g.,  1,000  m  sec)  is  lapsed.  At  a  fourteenth  step 

10  SS14,  the  operations  of  the  motor  M  and,  thus,  the 
pump  P  are  stopped. 

At  a  fifteenth  step  SS15,  a  high  level  signal 
sustained  for  the  first  predetermined  time  Ti  is 
produced  from  the  first  energizing  means  51'  and 

15  in  response  thereto,  the  normally-closed  type  sole- 
noid  valve  VCR  is  opened  for  the  first  predeter- 
mined  time  Ti  .  Then,  it  is  decided  at  a  sixteenth 
step  SS16  whether  or  not  the  pressure  detector  Sp 
is  ON.  If  the  pressure  detector  Sp  is  ON,  the  flag  F 

20  is  reset  at  a  seventeenth  step  SS17,  and  progress- 
ing  to  the  main  routine.  If  the  pressure  detector  Sp 
is  OFF,  the  processing  is  advanced  to  an  eigh- 
teenth  step  SS18. 

At  the  eighteenth  step  SS18,  it  is  decided 
25  whether  there  is  a  venting  of  gas  occurring  in  the 

accumulator  AC  or  a  leakage  occurring  in  the 
normally-closed  type  solenoid  valve  VCR.  More  spe- 
cifically,  after  the  normally-closed  type  solenoid 
valve  VCR  is  energized  and  opened  by  the  first 

30  energizing  means  51',  the  operation  of  the  motor  M 
and  thus,  the  operation  of  the  pump  P  are  started 
by  the  drive  control  means  50'  in  response  to  the 
detection  of  the  first  predetermined  pressure  Pi  by 
the  pressure  detector  Sp,  and  at  the  same  time,  the 

35  counting  of  the  time  in  the  deciding  means  53'  is 
started.  Such  a  counting  of  the  time  is  completed 
in  response  to  the  reception  of  a  low  level  signal 
from  the  pressure  signal  generating  means  47  as  a 
result  of  the  pressure  in  the  accumulator  AC  being 

40  increased  to  a  level  equal  to  or  more  than  the 
second  predetermined  pressure  P2  by  the  opera- 
tion  of  the  pump  P.  If  the  counted  time  is  less  than 
the  defined  time,  it  is  decided  that  there  is  the 
venting  of  gas  occurring  in  the  accumulator  AC.  If 

45  the  counted  time  is  equal  to  or  more  than  the 
defined  time,  it  is  decided  that  there  is  leakage 
occurring  in  the  normally-closed  type  solenoid 
valve  VCR. 

The  operation  of  the  third  embodiment  is  now 
50  described  below.  In  the  trouble  diagnosis  section 

CB"  in  the  control  unit  C",  if  the  detection  pressure 
detected  in  the  pressure  detector  Sp  is  not  equal  to 
or  less  than  the  first  predetermined  pressure  Pi  , 
then  the  normally-closed  type  solenoid  valve  VCFL 

55  or  VCR  is  energized  and  opened  for  the  first  pre- 
determined  time  by  the  second  energizing  means 
52'  in  response  to  the  generation  of  the  starting 
signal  from  the  starting-signal  generating  means  40 
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by  the  operation  of  the  key  switch;  thereby,  reduc- 
ing  the  pressure  in  the  accumulator  AC  to  a  level 
equal  to  or  less  than  the  first  predetermined  pres- 
sure  Pi  so  as  to  permit  a  high  level  signal  to  be 
produced  from  the  pressure  signal  generating 
means  47.  In  response  thereto,  the  motor  M  and 
thus,  the  pump  P  are  operated  by  the  drive  control 
means  50',  and  the  pressure  in  the  accumulator  AC 
is  increased  to  a  level  equal  to  or  more  than  the 
second  predetermined  pressure  P2  and  thereafter, 
the  normally-closed  type  solenoid  valve  VCR  is 
opened  for  the  first  predetermined  time  Ti  by  the 
first  energizing  means  51';  thereby,  causing  the 
pressure  in  the  accumulator  AC  to  be  released. 
Moreover,  the  first  and  second  predetermined 
times  Ti  and  T2  are  set  shorter  than  the  time  T 
elapsed  for  reducing  the  pressure  in  the  accumula- 
tor  AC,  which  is  normal,  from  the  predetermined 
level  equal  to  or  more  than  the  second  predeter- 
mined  pressure  P2  to  the  first  predetermined  pres- 
sure  Pi  in  response  to  the  opening  of  the  normally- 
closed  type  solenoid  valve  VCFL,  VCR,  as  described 
above.  Therefore,  if  the  pressure  in  the  accumula- 
tor  AC  is  reduced  to  a  level  equal  to  or  less  than 
the  first  predetermined  pressure  Pi  by  repeating 
the  release  of  the  pressure  in  the  accumulator  AC 
twice,  then  the  pump  P  is  operated  once  more; 
thereby,  ensuring  that  it  is  possible  to  decide  a 
venting  of  gas  occurring  in  the  accumulator  AC  or 
a  leakage  occurring  in  the  normally-closed  type 
solenoid  valve  VCR  on  the  basis  of  the  time  elapsed 
for  increasing  the  pressure  in  the  accumulator  AC 
to  a  level  equal  to  or  more  than  the  second  pre- 
determined  pressure  P2.  If  the  detection  pressure 
detected  in  the  pressure  detector  Sp  is  equal  to  or 
less  than  the  first  predetermined  pressure  Pi  ,  there 
is  a  high  possibility  of  a  venting  of  gas  produced  in 
the  accumulator  AC  or  a  leakage  produced  in  the 
normally-closed  type  solenoid  valve  VCR.  In  this 
case,  the  motor  M  and  thus,  the  pump  P  are 
operated  by  the  drive  control  means  50';  thereby, 
causing  the  pressure  in  the  accumulator  AC  to  be 
increased  to  a  level  equal  to  or  more  than  the 
second  predetermined  pressure  P2.  Then,  the 
normally-closed  type  solenoid  valve  VCR  is  opened 
for  the  first  predetermined  time  Ti  by  the  first 
energizing  means  51'  and  thereafter,  the  pump  P  is 
operated  once  more,  and  the  time  elapsed  for 
increasing  the  pressure  in  the  accumulator  AC  to  a 
level  equal  to  or  more  than  the  second  predeter- 
mined  pressure  P2  is  counted.  On  the  basis  of 
such  a  counted  time,  it  is  decided  that  there  is  the 
venting  of  gas  occurring  in  the  accumulator  AC  or 
the  leakage  occurring  in  the  normally-closed  type 
solenoid  valve  VCR. 

The  release  of  the  pressure  from  the  accu- 
mulator  AC  is  conducted  twice  in  such  a  manner 
that  the  normally-closed  type  solenoid  valve  VCR  is 

opened  after  the  completion  of  the  control  of  the 
operation  of  the  motor  M  by  the  drive  control 
means  50'  only  in  a  condition  in  which  the  pressure 
in  the  accumulator  AC  has  been  reduced  to  a  level 

5  equal  to  or  less  than  the  first  predetermined  pres- 
sure  Pi  upon  the  last  or  preceding  generation  of 
the  starting  signal;  thereby,  permitting  the  high 
level  storage  signal  to  be  produced  from  the  stor- 
age  means  98.  This  condition  ensures  that  a  high 

10  accuracy  diagnosis  of  the  problem  can  be  achieved 
when  there  is  a  high  possibility  of  a  venting  of  gas 
occurring  in  the  accumulator  AC  or  a  leakage  oc- 
curring  in  the  normally-closed  type  solenoid  valve 
VCR.  The  pressure  in  the  accumulator  AC  is  re- 

15  duced  to  a  level  equal  to  or  less  than  the  first 
predetermined  pressure  Pi  upon  the  current  gen- 
eration  of  the  starting  signal  in  a  condition  in  which 
the  pressure  in  the  accumulator  AC  is  not  equal  to 
or  less  than  the  first  predetermined  pressure  Pi  ; 

20  and  the  high  level  signal  is  not  produced  from  the 
storage  means  98.  This  is  due  to  the  fact  that  there 
is  a  high  possibility  of  the  reduction  of  the  pressure 
due  to  the  repetition  of  the  energization  and  open- 
ing  of  the  normally-closed  type  solenoid  valve  VCFL 

25  by  the  first  energizing-signal  generating  circuit  104 
in  the  second  energizing  means  52'.  Accordingly, 
the  energization  and  opening  of  the  normally- 
closed  type  solenoid  valve  VCR  by  the  first  energiz- 
ing  means  51'  is  not  conducted;  consequently, 

30  leading  to  an  avoided  wasteful  operation  of  the 
normally-closed  type  solenoid  valve  VCR.  In  this 
case,  however,  there  is  also  a  possibility  of  a 
venting  of  gas  occurring  in  the  accumulator  AC  or 
a  leakage  occurring  in  the  normally-closed  type 

35  solenoid  valve  VCR  and  hence,  it  is  possible  to 
provide  for  the  next  generation  of  the  starting  sig- 
nal  by  the  storage  in  the  storage  means  98. 

The  second  energizing  means  52'  includes  the 
first  energizing-signal  generating  circuit  104  adapt- 

40  ed  to  produce  the  energizing  signal  upon  the  gen- 
eration  of  the  starting  signal  with  the  high  level 
storage  signal  not  produced  by  the  storage  means 
98,  and  the  second  energizing-signal  generating 
circuit  105  adapted  to  produce  the  energizing  sig- 

45  nal  upon  the  generation  of  the  starting  signal  with 
the  high  level  storage  signal  produced  by  the  stor- 
age  means  98.  The  amount  of  working  fluid  re- 
leased  from  the  accumulator  AC  during  the  ener- 
gization  by  the  second  energizing-signal  generating 

50  circuit  105.  Therefore,  if  there  is  the  slightest  doubt 
in  the  venting  of  gas  occurring  in  the  accumulator 
AC  or  a  leakage  occurring  in  the  normally-closed 
type  solenoid  valve  VCR  (i.e.,  if  the  normally-closed 
type  solenoid  valve  VCR  is  energized  by  the  second 

55  energizing-signal  generating  circuit  105),  then  the 
amount  of  fluid  released  can  be  increased  to  pro- 
vide  an  accurate  diagnosis. 

The  function  of  the  AND  gate  100  ensures  that 
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if  the  pressure  in  the  accumulator  AC  is  equal  to  or 
less  than  the  first  predetermined  pressure  Pi  and 
the  output  signal  from  the  pressure  signal  generat- 
ing  means  47  is  of  the  high  level,  then  the  first 
energizing  means  52'  cannot  produce  the  high 
level  signal  even  if  the  high  level  starting  signal  is 
generated  from  the  starting-signal  generating 
means  40.  Therefore,  it  is  possible  to  avoid  any 
unnecessary  opening  of  the  normally-closed  type 
solenoid  valves  VCFL  and  VCR,  and  to  prevent  any 
wasteful  consumption  of  the  working  fluid  due  to 
the  opening  of  the  normally-closed  type  solenoid 
valves  Vcfl  and  VCR. 

Further,  the  function  of  the  AND  gate  101  en- 
sures  that  the  pressure  in  the  accumulator  AC 
cannot  be  reduced  down  to  a  level  equal  to  or  less 
than  the  first  predetermined  pressure  Pi  as  a  result 
of  the  energization  and  opening  of  the  normally- 
closed  type  solenoid  valves  VCFL  and  VCR,  and 
when  any  doubt  in  the  venting  of  gas  occurring  in 
the  accumulator  AC  or  a  leakage  occurring  in  the 
normally-closed  type  solenoid  valve  VCR  is  elimi- 
nated,  the  storage  means  98  is  reset  to  provide  for 
the  start  of  the  next  diagnosis  from  the  initial  step; 
thus,  making  it  possible  to  suppress  any  unnec- 
essary  consumption  of  pressure. 

The  pump  P  is  of  a  fixed  displacement  type, 
and  the  operations  of  the  pump  and  thus,  the  motor 
M  are  controlled  so  that  they  are  stopped  after  a 
lapse  of  the  predetermined  time  from  an  instant 
when  the  pressure  in  the  accumulator  AC  has 
become  equal  to  or  more  than  the  second  pre- 
determined  pressure  P2.  This  is  advantageous  in 
order  to  set  the  detection  pressure  detected  by  the 
pressure  detector  at  a  low  value  relative  to  the 
maximum  pressure  in  the  accumulator  AC  and  to 
set  a  load  and  a  detection  hysteresis  for  the  pres- 
sure  detector  AC. 

The  pressure  source  PS'  is  provided  with  the 
relief  valve  VL  adapted  to  be  opened  in  response  to 
the  pressure  in  the  accumulator  AC  becoming 
equal  to  or  more  than  the  third  predetermined 
pressure  P3.  This  is  advantageous  with  respect  to 
the  pressure  withstand  strength  of  the  pressure 
source  PS'  and  it  is  thus  possible  to  provide  an 
increase  in  the  degree  of  freedom  of  the  control. 
More  specifically,  it  is  possible  to  provide  a  reduc- 
tion  in  size  of  the  accumulator  AC  in  a  manner 
such  that  the  pump  P  is  operated  during  consump- 
tion  of  the  pressure  in  the  pressure  source  PS' 
(i.e.,  during  an  anti-lock  control).  The  relief  valve  V| 
generally  has  a  relatively  large  hysteresis  of  open- 
ing  and  closing  thereof,  and  once  the  relief  valve 
VL  is  opened,  the  pressure  in  the  accumulator  AC 
may  be  reduced  by  a  large  amount;  thereby,  re- 
sulting  in  the  fear  of  a  reduction  in  accuracy  of 
diagnosis  of  the  problem  due  to  the  second  releas- 
ing  of  the  pressure  by  the  first  energizing  means 

51'.  However,  since  the  time  from  an  instance 
when  the  pressure  in  the  accumulator  AC  becomes 
equal  to  or  more  than  the  second  predetermined 
pressure  P2  to  an  instance  when  the  operations  of 

5  the  motor  M  and  thus,  the  pump  P  are  stopped  is 
set  such  that  the  pressure  in  the  accumulator  AC  at 
the  stop  of  the  operation  of  the  pump  P  is  less  than 
the  third  predetermined  pressure  P3,  the  relief 
valve  VL  cannot  be  opened  during  the  diagnosis  of 

10  the  problem  of  the  accumulator  AC;  thereby,  mak- 
ing  it  possible  to  provide  a  more  reliable  diagnosis 
by  the  first  energizing  means  51'. 

In  this  way,  it  is  possible  to  distinctively  decide 
whether  or  not  there  is  venting  of  gas  occurring  in 

15  the  accumulator  AC  or  a  leakage  occurring  in  the 
normally-closed  type  solenoid  valve  VCF,  and  to 
promptly  carry  out  a  post-treatment  suited  to  the 
problem.  Moreover,  if  there  is  venting  of  gas  occur- 
ring  in  the  accumulator  AC,  the  alarm  operation  of 

20  the  alarm  means  49  is  not  terminated,  unless  the 
connection  between  the  control  unit  C"  and  the 
back-up  power  source  BB  is  released  and  a  repair 
operation  is  carried  out.  On  the  other  hand,  if  there 
is  leakage  occurring  in  the  normally-closed  type 

25  solenoid  valve  VCR,  there  is  even  a  possibility  that 
the  leakage  is  dissolved  by  opening  the  normally- 
closed  type  solenoid  valve  VCR  and  removing  for- 
eign  matters  caught  between  a  valve  member  and 
a  valve  seat,  and  for  this  reason,  the  alarm  opera- 

30  tion  of  the  alarm  mans  49  is  stopped  at  both  times 
when  the  operation  of  the  engine  is  stopped  by 
turning  OFF  the  key  switch  and  when  the  connec- 
tion  between  the  control  unit  C"  and  the  back-up 
power  source  BB  is  released.  Therefore,  if  the 

35  leakage  is  dissolved  when  the  engine  is  operated 
again,  the  alarming  means  49  cannot  be  operated 
for  alarming;  thereby,  leading  to  a  saving  of  waste- 
ful  labor. 

Although  the  normally-closed  type  solenoid 
40  valve  VCFL  is  energized  by  the  first  energizing- 

signal  generating  circuit  104  in  the  above  embodi- 
ments,  it  will  be  understood  that  the  normally- 
closed  type  solenoid  valve  VCFR  may  be  energized. 
In  addition,  the  common  normally-closed  type  sole- 

45  noid  valve  may  be  energized  by  the  first  and 
second  energizing-signal  generating  circuits  104 
and  105,  as  well  as  the  first  energizing  means  51', 
and  the  time  of  energization  of  the  normally-closed 
type  solenoid  valve  by  the  second  energizing-sig- 

50  nal  generating  circuit  105  may  be  set  longer  than 
the  time  of  energization  of  the  normally-closed  type 
solenoid  valve  by  the  first  energizing-signal  gen- 
erating  circuit  104. 

While  the  invention  has  been  particularly 
55  shown  and  described  in  reference  to  preferred  em- 

bodiments  thereof,  it  will  be  understood  by  those 
skilled  in  the  art  that  changes  in  form  and  details 
may  be  made  therein  without  departing  from  the 
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spirit  and  scope  of  the  invention. 

Claims 

1.  A  problem  diagnosis  system  in  a  pressure 
device  control  apparatus,  comprising: 

a  pressure  source  including  a  pump  for 
pumping  a  fluid  from  a  fluid  tank,  an  accumula- 
tor  connected  to  the  pump  and  a  pressure 
device,  and  a  pressure  detector  for  detecting 
the  pressure  in  the  accumulator; 

a  normally-closed  type  solenoid  valve  in- 
terposed  between  the  pressure  device  and  the 
accumulator  or  the  fluid  tank;  and 

a  control  unit  including  a  drive  control 
means  for  outputting  a  driving  signal  indicative 
of  a  command  to  operate  the  pump  in  re- 
sponse  to  a  detection  pressure  detected  in  the 
pressure  detector  becoming  equal  to  or  less 
than  a  first  predetermined  pressure  and  for 
outputting  a  drive  stopping  signal  indicative  of 
a  command  to  stop  the  operation  of  the  pump 
in  response  to  the  detection  pressure  becom- 
ing  equal  to  or  more  than  a  second  predeter- 
mined  pressure  which  is  higher  than  the  first 
predetermined  pressure, 

wherein  said  control  unit  comprises  a  first 
energizing  means  for  energizing  said  normally- 
closed  type  solenoid  valve  for  a  first  predeter- 
mined  time  after  said  drive  control  means  out- 
puts  the  drive  stopping  signal,  and  a  deciding 
means  for  deciding  that  there  is  a  problem  in 
response  to  the  detection  pressure  detected  in 
the  pressure  detector  becoming  equal  to  or 
less  than  the  first  predetermined  pressure  after 
the  energization  of  the  normally-closed  type 
solenoid  valve  by  the  first  energizing  means  is 
completed,  said  first  predetermined  time  being 
set  shorter  than  a  time  for  reducing  the  pres- 
sure  in  the  accumulator,  which  is  normal,  from 
a  predetermined  level  equal  to  or  more  than 
the  second  predetermined  pressure  to  the  first 
predetermined  pressure  in  response  to  an 
opening  of  said  normally-closed  type  solenoid 
valve. 

2.  A  problem  diagnosis  system  in  a  pressure 
device  control  apparatus  according  to  claim  1, 
wherein  said  control  unit  includes  a  second 
energizing  means  for  energizing  said  normally- 
closed  type  solenoid  valve  for  the  second  pre- 
determined  time  in  response  to  the  operation 
of  a  starting-signal  generating  means  for  gen- 
erating  a  starting  signal  in  response  to  a  man- 
ual  operation,  said  predetermined  time  being 
set  shorter  than  the  elapsed  time  for  reducing 
the  pressure  in  the  accumulator,  which  is  nor- 
mal,  from  the  predetermined  level  equal  to  or 

more  than  the  second  predetermined  pressure 
to  the  first  predetermined  pressure  in  response 
to  an  opening  of  said  normally-closed  type 
solenoid  valve. 

5 
3.  A  problem  diagnosis  system  in  a  pressure 

device  control  apparatus  according  to  claim  2, 
wherein  said  control  unit  includes  a  first  inac- 
tivating  means  for  inactivating  said  second  en- 

io  ergizing  means  when  the  detection  pressure 
detected  in  said  pressure  detector  is  equal  to 
or  less  than  the  first  predetermined  pressure  at 
a  time  of  generation  of  the  starting  signal  from 
the  starting-signal  generating  means. 

15 
4.  A  problem  diagnosis  system  in  a  pressure 

device  control  apparatus  according  to  claim  1, 
wherein  said  control  unit  includes  a  third  en- 
ergizing  means  for  energizing  said  normally- 

20  closed  type  solenoid  valve  until  the  detection 
pressure  detected  in  the  pressure  detector  is 
reduced  to  a  level  equal  to  or  less  than  the 
first  predetermined  pressure  in  response  to  the 
operation  of  a  starting-signal  generating  means 

25  for  generating  a  starting  signal  in  response  to  a 
manual  operation. 

5.  A  problem  diagnosis  system  in  a  pressure 
device  control  apparatus  according  to  claim  2, 

30  wherein  said  control  unit  includes  a  second 
inactivating  means  for  inactivating  the  first  en- 
ergizing  means  at  a  time  other  than  a  period 
from  an  instant  when  the  starting  signal  is 
produced  to  an  instant  when  a  predetermined 

35  time  has  lapsed. 

6.  A  problem  diagnosis  system  in  a  pressure 
device  control  apparatus  according  to  claim  4, 
wherein  said  control  unit  includes  a  third  inac- 

40  tivating  means  for  inactivating  the  third  en- 
ergizing  means  when  the  detection  pressure 
detected  in  the  pressure  detector  is  equal  to  or 
less  than  the  first  predetermined  pressure  at  a 
time  of  generation  of  the  starting  signal  from 

45  said  starting-signal  generating  means. 

7.  A  problem  diagnosis  system  in  a  pressure 
device  control  apparatus  according  to  claim  1, 
wherein  said  accumulator  comprises  a  cylin- 

50  der,  a  piston  slidably  received  in  said  cylinder, 
an  accumulator  chamber  connected  to  said 
pump  and  said  pressure  device,  and  a  gas 
chamber  charged  with  gas,  said  accumulator 
chamber  and  said  gas  chamber  being  provided 

55  in  said  cylinder  with  said  piston  interposed 
therebetween. 

8.  A  problem  diagnosis  system  in  a  pressure 
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device  control  apparatus  according  to  claim  2, 
wherein  said  accumulator  is  comprised  of  a 
displacing  member  carried  in  a  housing  and 
having  opposite  surfaces  facing  an  accumula- 
tor  chamber  leading  to  the  pump  and  a  gas- 
charged  chamber,  respectively,  wherein  said 
control  unit  comprises  a  storage  means  for 
storing  a  fact  that  the  detection  pressure  de- 
tected  in  the  pressure  detector  has  become 
equal  to  or  less  than  the  first  predetermined 
pressure  in  response  to  the  energization  of  the 
normally-closed  type  solenoid  valve  by  the 
second  energizing  means  and  to  output  a  stor- 
age  signal  indicating  the  storage  of  such  fact, 
and  wherein  said  first  energizing  means  en- 
ergizes  said  normally-closed  type  solenoid 
valve  for  the  first  predetermined  time  after  an 
outputting  of  the  drive  stopping  signal  by  said 
drive  control  means  when  the  storage  signal  is 
outputted  from  said  storage  means. 

9.  A  problem  diagnosis  system  in  a  pressure 
device  control  apparatus  according  to  claim  8, 
wherein  said  second  energizing  means  com- 
prises  a  first  energizing-signal  generating  cir- 
cuit  for  generating  an  energizing  signal  in  a 
condition  in  which  the  output  of  the  storage 
signal  from  said  storage  means  has  been  stop- 
ped  at  a  time  of  generation  of  the  starting 
signal  from  said  starting-signal  generating 
means,  and  a  second  energizing-signal  gen- 
erating  circuit  for  generating  an  energizing  sig- 
nal  in  a  condition  in  which  the  storage  signal 
has  been  outputted  from  said  storage  means 
at  the  time  of  generation  of  the  starting  signal 
from  said  starting-signal  generating  means, 
and  the  amount  of  working  fluid  released  from 
said  accumulator  as  a  result  of  an  opening  of 
said  normally-closed  type  solenoid  valve  by 
said  second  energizing-signal  generatig  circuit 
is  set  larger  than  an  amount  of  working  fluid 
relased  from  said  accumulator  as  a  result  of  an 
opening  of  said  normally-closed  type  solenoid 
valve  by  said  first  energizing-signal  generating 
circuit. 

10.  A  problem  diagnosis  system  in  a  pressure 
device  control  apparatus  according  to  claim  9, 
wherein  a  time  period  for  energization  of  the 
normally-closed  type  solenoid  valve  by  said 
second  energizing-signal  generating  circuit  is 
set  longer  than  a  time  period  for  energization 
of  the  normally-closed  type  solenoid  valve  by 
said  first  energizing-signal  generating  circuit. 

11.  A  problem  diagnosis  system  in  a  pressure 
device  control  apparatus  according  to  claim  9, 
wherein  at  least  two  solenoid  valves  are 

normally-closed  type  solenoid  valves  having 
different  flow  areas  during  opening  thereof  and 
are  connected  to  said  accumulator,  said  first 
energizing-signal  generating  circuit  being  con- 

5  nected  to  the  normally-closed  type  solenoid 
valve  having  a  smaller  flow  area  during  open- 
ing  thereof,  and  said  second  energizing-signal 
generating  circuit  being  connected  to  the 
normally-closed  type  solenoid  valve  having  a 

io  larger  flow  area  during  opening  thereof. 

12.  A  problem  diagnosis  system  in  a  pressure 
device  control  apparatus  according  to  claim  8, 
wherein  said  control  unit  includes  a  reset 

is  means  for  stopping  the  outputting  of  the  stor- 
age  signal  if  said  storage  signal  is  produced 
by  the  storage  means  in  a  condition  in  which 
the  detection  pressure  detected  in  the  pres- 
sure  detector  exceeds  the  first  predetermined 

20  pressure  as  a  result  of  energization  of  the 
normally-closed  type  solenoid  valve  by  the 
second  energizing  means. 

13.  A  problem  diagnosis  system  in  a  pressure 
25  device  control  apparatus  according  to  claim  8, 

wherein  said  control  unit  includes  a  reset 
means  for  stopping  the  outputting  of  the  stor- 
age  signal  if  said  storage  signal  produced  by 
the  storage  means  in  a  condition  in  which  the 

30  detection  pressure  detected  in  the  pressure 
detector  exceeds  the  first  predetermined  pres- 
sure  as  a  result  of  energization  of  the  normally- 
closed  type  solenoid  valve  by  the  first  energiz- 
ing  means. 

35 
14.  A  problem  diagnosis  system  in  a  pressure 

device  control  apparatus  according  to  claim  1, 
wherein  said  pump  is  of  a  fixed  displacement 
type,  and  said  drive  control  means  outputs  the 

40  drive  stopping  signal  after  a  lapse  of  a  pre- 
determined  delay  time  from  an  instant  when 
the  detection  pressure  detected  in  the  pres- 
sure  detector  becomes  equal  to  or  more  than 
the  second  predetermined  pressure. 

45 
15.  A  problem  diagnosis  system  in  a  pressure 

device  control  apparatus  according  to  claim 
14,  wherein  said  pressure  source  includes  a 
relief  valve  to  be  opened  so  as  to  release  the 

50  pressure  in  said  accumulator  in  response  to 
the  pressure  accumulated  in  the  accumulator 
becoming  equal  to  or  more  than  a  third  pre- 
determined  pressure  which  is  higher  than  the 
second  predetermined  pressure,  and  wherein 

55  said  delay  time  set  in  said  drive  control  means 
is  determined  such  that  the  pressure  in  said 
accumulator  during  stopping  of  the  operation 
of  said  pump  is  less  than  the  third  predeter- 
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mined  pressure. 

16.  A  trouble  diagnosis  system  in  a  pressure  de- 
vice  control  apparatus  according  to  claim  1, 
wherein  said  deciding  means  decides  that  5 
there  is  a  venting  of  gas  occurring  in  the 
accumulator  during  a  time  from  an  instant 
when  the  driving  signal  indicative  of  a  com- 
mand  to  drive  the  pump  is  outputted  from  said 
drive  control  means  in  response  to  the  detec-  10 
tion  pressure  detected  in  said  pressure  detec- 
tor  becoming  equal  to  or  less  than  the  first 
predetermined  pressure  after  the  completion  of 
the  energization  of  said  normally-closed  type 
solenoid  valve  by  said  first  energizing  means  is 
to  an  instant  when  the  second  predetermined 
pressure  is  detected  by  the  pressure  detector 
is  less  than  a  defined  time,  and  wherein  said 
deciding  means  further  decides  that  there  is  a 
leakage  occurring  in  said  normally-closed  type  20 
solenoid  valve  when  said  time  is  equal  to  or 
more  than  said  defined  time. 

17.  A  trouble  diagnosis  system  in  a  pressure  de- 
vice  control  apparatus  according  to  claim  16,  25 
wherein  said  pressure  device  is  carried  in  an 
automobile,  and  wherein  said  control  unit  has  a 
back-up  power  source  connected  thereto  for 
supplying  an  electric  power  regardless  of  the 
operational  condition  of  an  engine  mounted  in  30 
the  automobile,  and  wherein  said  control  unit 
includes  a  memory  for  storing  the  decision  that 
there  is  a  venting  of  gas  occurring  in  the 
accumulator  or  a  leakage  occurring  in  the 
normally-closed  type  solenoid  valve  in  re-  35 
sponse  to  said  decision  by  the  deciding  means 
and  for  outputting  command  signals  for  com- 
manding  the  prohibition  of  the  operation  of 
said  pressure  device  and  for  commanding  the 
alarming  operation  of  an  alarm  means  while  40 
the  stored  condition  is  being  sustained,  said 
memory  being  arranged  to  release  the  stored 
data  that  there  is  a  venting  of  gas  occurring  in 
the  accumulator,  if  such  data  is  stored,  in 
response  to  the  disconnection  of  the  control  45 
unit  and  the  back-up  power  source  from  each 
other,  and  also  arranged  to  release  the  stored 
data  that  there  is  a  leakage  occurring  in  the 
normally-closed  type  solenoid  valve,  if  such 
data  is  stored,  in  response  to  one  of  the  dis-  so 
connection  of  the  control  unit  and  the  back-up 
power  source  from  each  other,  and  the  stop- 
ping  of  the  operation  of  the  engine. 
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