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[£)  Hydraulic  braking  system  for  an  automotive  vehicle. 

©  A  hydraulic  braking  system  for  an  automotive 
vehicle  having  a  power  source  (40)  for  generating  a 
hydraulic  power  pressure,  a  reservoir  (41),  a  master 
cylinder  (10),  a  hydraulic  booster  (20)  for  actuating 
the  master  cylinder  in  response  to  depression  of  a 
brake  pedal  (2)  and  a  plurality  of  wheel  brake  cyl- 
inders  (51a,-54a)  for  braking  respective  road  wheels 
(51-54),  which  are  divided  into  a  first  group  of  wheel 
brake  cylinders  communicating  with  the  master  cyl- 
inder  and  a  second  group  of  wheel  brake  cylinders 

p.  communicating  with  the  hydraulic  booster.  An  auxil- 
i a r y   cylinder  (80)  is  disposed  between  the  hydraulic 

booster  and  the  second  group  of  wheel  brake  cyl- 
i n d e r s .   The  auxiliary  cylinder  includes  a  cylinder 
CO  body  (81)  having  a  cylinder  bore  defined  therein  and 

^ a   piston  (82)  axially  slidably  disposed  within  the 
If)  cylinder  bore.  The  piston  forms  within  the  cylinder 
CO  bore  a  first  chamber  (83)  and  a  second  chamber 
q(84),  and  blocks  a  fluid  communication  there- 

between.  The  first  chamber  communicates  with  the 
■̂j  hydraulic  booster  and  the  second  chamber  commu- 

nicates  with  the  second  group  of  wheel  brake  cyl- 
inders  to  which  a  braking  force  is  applied  in  re- 

sponse  to  operation  of  the  hydraulic  Booster,  i  nere- 
by,  the  brake  fluid  filled  in  the  hydraulic  booster  is 
prevented  from  flowing  out,  even  if  leakage  of  the 
brake  fluid  occurs  in  the  second  group  of  wheel 
brake  cylinders. 
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HYDRAULIC  BRAKING  SYSTEM  FOR  AN  AUTOMOTIVE  VEHICLE 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention 

The  present  invention  relates  to  a  hydraulic 
braking  system  for  use  in  an  automotive  vehicle, 
and  more  particularly  to  a  hydraulic  braking  system 
which  has  a  hydraulic  booster  for  actuating  a  mas- 
ter  cylinder  in  response  to  operation  of  a  manually- 
operated  member  with  a  hydraulic  power  pressure 
supplied  from  a  power  source,  and  in  which  a  first 
group  of  wheel  brake  cylinders  communicates  with 
the  master  cylinder  and  a  second  group  of  wheel 
brake  cylinders  communicates  with  the  hydraulic 
booster. 

dual  circuits  system  in  order  to  reduce  the  stroke 
of  the  brake  pedal. 

However,  in  the  above-described  hydraulic 
braking  system,  the  hydraulic  pressure  generated 

5  by  the  hydraulic  booster  is  applied  to  each  of  the 
rear  wheel  brake  cylinders  as  it  is,  so  that  if  any  of 
the  rear  wheel  brake  cylinders  or  a  hydraulic  circuit 
communicating  therewith  is  damaged,  the  brake 
fluid  filled  in  the  hydraulic  booster  and  the  hydrau- 

w  lie  circuit  communicating  therewith  may  leak  there- 
from.  In  this  case,  with  a  brake  force  applied  suffi- 
ciently  on  the  normal  front  road  wheels,  necessary 
braking  operation  may  be  performed.  However, 
since  the  hydraulic  pressure  generated  by  the  hy- 

rs  draulic  booster  disappears,  boosting  operation  is 
not  performed,  so  that  a  large  depressing  force 
shall  be  applied  on  the  brake  pedal. 

2.  Description  of  the  Prior  Art 

In  conventional  service  braking  systems  for  an 
automotive  vehicle,  there  are  provided  a  plurality  of 
hydraulic  circuits  connecting  wheel  brake  cylinders 
mounted  on  road  wheels  with  a  hydraulic  braking 
pressure  generator  such  as  a  master  cylinder,  so 

"that  when  one  of  the  hydraulic  circuits  is  broken, 
braking  operation  is  performed  by  the  rest  of  the 
hydraulic  circuits.  In  general,  a  tandem  master  cyl- 
inder  is  used  in  a  conventional  dual  circuits  sys- 
tem. 

In  order  to  reduce  a  force  required  to  operate  a 
manually-operated  member,  for  example  a  de- 
pressing  force  applied  on  a  brake  pedal  in  braking 
operation,  the  hydraulic  braking  system  is  provided 
with  a  servo  unit  which  is  referred  as  a  servo  or  a 
booster  and  which  utilizes  compressed  air,  intake 
manifold  vacuum  (for  a  vacuum  booster),  or  hy- 
draulic  pressure  (for  a  hydraulic  booster)  as  a  pow- 
er  source.  The  hydraulic  booster  is  a  booster  which 
actuates  the  hydraulic  braking  pressure  generator 
such  as  the  master  cylinder  by  the  hydraulic  power 
pressure  supplied  from  the  power  source  in  re- 
sponse  to  depression  of  the  brake  pedal. 

It  has  been  proposed  to  employ  the  hydraulic 
booster,  in  the  hydraulic  braking  system,  as  a 
dynamic  hydraulic  braking  pressure  generator  in 
addition  to  the  master  cylinder.  In  other  words,  a 
hydraulic  pressure  generated  by  the  hydraulic 
booster  in  response  to  depression  of  the  brake 
pedal  is  applied  directly  to  one  of  the  hydraulic 
circuits.  For  example,  as  shown  in  Japanese  Patent 
Laid-open  Publication  No.  59-227552,  the  hydraulic 
pressure  generated  by  the  hydraulic  booster  is 
applied  to  rear  wheel  brake  cylinders  in  a  front-rear 

20  SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  an  object  of  the  present  in- 
vention  to  provide  a  hydraulic  braking  system  for 

25  an  automotive  vehicle  which  prevents  leakage  of 
brake  fluid  filled  in  a  hydraulic  circuit  communicat- 
ing  'with  a  hydraulic  booster  even  if  wheel  brake 
cylinders  communicating  with  the  hydraulic  booster 
are  damaged. 

ao  It  is  another  object  of  the  present  invention  to 
provide  a  hydraulic  braking  system  having  an  auxil- 
iary  cylinder  which  is  disposed  between  a  hydraulic 
booster  and  a  group  of  wheel  brake  cylinders,  and 
which  transmits  a  braking  force  to  the  wheel  brake 

35  cylinders  and  prevents  leakage  of  the  brake  fluid 
from  the  hydraulic  booster. 

It  is  a  further  object  of  the  pr-esent  invention  to 
provide  a  hydraulic  braking  system  which  is  easily 
and  economically  provided  with  means  for  perform- 

40  ing  an  anti-locking  operation  and  an  anti-slip  opera- 
tion. 

It  is  yet  a  further  object  of  the  present  invention 
to  provide  a  hydraulic  braking  system  in  which  only 
one  proportioning  valve  may  be  disposed. 

45  In  accomplishing  these  and  other  objects,  a 
hydraulic  braking  system  for  an  automotive  vehicle 
according  to  the  present  invention  comprises  a 
power  source  for  generating  a  hydraulic  power 
pressure,  a  reservoir  for  storing  an  amount  of  brake 

so  fluid,  a  master  cylinder  for  introducing  the  brake 
fluid  thereinto  from  the  reservoir  and  generating  a 
hydraulic  braking  pressure  in  response  to  operation 
of  a  manually-operated  member,  a  hydraulic  boost- 
er  for  actuating  the  master  cylinder  by  the  hydrau- 
lic  power  pressure  supplied  from  the  power  source 
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n  response  to  operation  of  the  manually-operated 
member,  a  plurality  of  wheel  brake  cylinders  for 
oraking  respective  road  wheels,  which  is  divided 
nto  a  first  group  of  wheel  brake  cylinders  commu- 
nicating  with  the  master  cylinder  through  a  first 
nydraulic  circuit  and  a  second  group  of  wheel 
orake  cylinders  communicating  with  the  hydraulic 
oooster  through  a  second  hydraulic  circuit.  The 
hydraulic  braking  system  further  includes  an  auxil- 
iary  cylinder  which  is  disposed  in  the  second  hy- 
draulic  circuit  and  which  comprises  a  cylinder  body 
having  a  cylinder  bore  defined  therein  and  a  piston 
axially  slidably  disposed  within  the  cylinder  bore. 
The  piston  forms  within  the  cylinder  bore  two 
chambers  of  a  first  chamber  and  a  second  cham- 
ber,  and  blocks  a  fluid  communication  there- 
between.  The  first  chamber  communicates  with  the 
hydraulic  booster  and  the  second  chamber  com- 
municates  with  the  second  group  of  wheel  brake 
cylinders. 

In  the  above-described  hydraulic  braking  sys- 
tem,  the  piston  of  the  auxiliary  cylinder  preferably 
forms  within  the  cylinder  bore  a  third  chamber 
which  communicates  with  the  reservoir  through  a 
drain  circuit,  and  the  piston  is  preferably  equipped 
with  a  valve  mechanism  which  normally  commu- 
nicates  the  second  chamber  with  the  third  cham- 
ber,  and  blocks  therebetween  when  a  hydraulic 
pressure  supplied  from  the  hydraulic  booster  to  the 
first  chamber  exceeds  a  hydraulic  pressure  in  the 
second  chamber. 

The  above-described  hydraulic  braking  system 
may  include  a  proportioning  valve  which  is  dis- 
posed  in  the  second  hydraulic  circuit  at  a  point 
thereof  between  the  hydraulic  booster  and  the  first 
chamber  of  the  auxiliary  cylinder.  The  hydraulic 
braking  system  may  also  include  a  bypass  circuit 
which  connects  a  point  of  the  second  hydraulic 
circuit  between  the  proportioning  valve  and  the  first 
chamber  of  the  auxiliary  cylinder  to  a  point  of  the 
second  hydraulic  circuit  between  the  second  cham- 
ber  of  the  auxiliary  cylinder  and  the  second  group 
of  wheel  brake  cylinders,  and  a  normally-closed 
valve  which  is  disposed  in  the  bypass  circuit  and 
which  normally  shuts  off  the  bypass  circuit. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  above  stated  objects  and  following  de- 
scription  will  become  readily  apparent  with  refer- 
ence  to  the  accompanying  drawings,  wherein  like 
reference  numerals  denote  like  elements,  and  in 
which: 

FIG.1  is  a  schematic  illustration  of  a  hydrau- 
lic  braking  system  of  a  first  embodiment  of  the 
present  invention  with  a  sectional  view  of  a  hydrau- 

lic  pressure  generator  and  an  auxiliary  cylinder; 
FIG.2  is  a  schematic  illustration  of  a  hydrau- 

lic  braking  system  of  a  second  embodiment  of  the 
present  invention;  and 

5  FIG.3  is  a  schematic  illustration  of  a  hydrau- 
lic  braking  system  of  a  third  embodiment  of  the 
present  invention. 

0  DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Referring  to  FIG.1,  there  is  illustrated  a  hydrau- 
75  lie  braking  system  of  an  embodiment  of  the 

present  invention,  which  includes  a  hydraulic  pres- 
sure  generator  (hereinafter  referred  to  simply  as  a 
pressure  generator)  1  having  a  master  cylinder  10 
and  a  hydraulic  booster  20.  A  power  source  40  and 

20  a  reservoir  41  are  connected  to  the  pressure  gen- 
erator  1.  A  depressing  force  applied  on  a  brake 
pedal  2  which  is  provided  as  a  manually-operated 
member  is  transmitted  as  a  braking  force  to  the 
pressure  generator  1.  In  response  to  this  braking 

25  force,  a  hydraulic  pressure  is  generated  by  the 
pressure  generator  1  and  applied  to  wheel  brake 
cylinders  51a  to  54a  mounted  on  front  road  wheels 
51,  52  through  a  hydraulic  circuit  71  provided  as  a 
first  hydraulic  circuit  and  rear  road  wheels  53,  54, 

30  through  hydraulic  circuits  72,  f2a  provided  as  a 
second  hydraulic  circuit,  and  an  auxiliary  cylinder 
80  which  will  be  described  later  in  detail. 

As  for  the  master  cylinder  10,  a  master  piston 
11  is  fluid-tightly  and  slidably  disposed  in  a  cyl- 

35  inder  bore  10a  defined  in  a  housing  1a.  The  master 
piston  11  has  a  small-diameter  land  portion  and  a 
large-diameter  land  portion,  and  the  cylinder  bore 
10a  is  formed  as  a  stepped  bore  having  corre- 
sponding  small-diameter  and  large-diameter  por- 

40  tions.  In  the  large-diameter  portion  of  the  cylinder 
bore  10a,  a  fluid  chamber  13  is  defined  between 
the  small-diameter  land  portion  and  the  large-diam- 
eter  land  portion  of  the  master  piston  1  1  ,  and  in  the 
small-diameter  portion  of  the  cylinder  bore  10a,  a 

45  pressure  chamber  12  is  defined  between  the  small- 
diameter  land  portion  of  the  master  piston  1  1  and  a 
closed  end  portion  10b.  The  pressure  chamber  12 
communicates  with  the  passage  71  via  a  port  12a, 
and  the  fluid  chamber  13  communicates  with  the 

so  reservoir  41  via  a  port  13a. 
The  master  piston  11  has  a  pair  of  holes  11a, 

11b  extending  axially  from  its  opposite  ends  toward 
its  center,  and  a  hole  11c  formed  radially.  The  hole 
11a  communicates  with  the  hole  11c  via  a  small 

55  hole  11d  formed  axially.  Also,  a  hole  1  1  e  is  formed 
axially  in  a  peripheral  portion  of  the  master  piston 
11,  and  covered  by  a  cup  seal  1  1  f  at  its  end  open 
to  the  pressure  chamber  12,  whereby  a  check 

3 
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valve  is  formed.  A  valve  member  14a  mounted  on 
one  end  of  the  valve  rod  14  is  slidably  received  in 
the  hole  1  1  a  of  the  master  piston  11  in  opposing 
relation  to  the  small  hole  11d,  and  the  valve  mem- 
ber  14a  is  restricted  from  moving  toward  the 
closed  end  portion  10b  by  a  retainer  14c.  A  large- 
diameter  portion  of  the  other  end  of  the  valve  rod 
14  is  slidably  disposed  in  a  retainer  14b,  and 
restricted  from  moving  toward  the  master  piston 
11.  An  output  rod  4  is  disposed  in  the  hole  11b  of 
the  master  piston  11.  A  return  spring  14d  is  moun- 
ted  between  the  retainers  14b  and  14c  so  as  to 
normally  bias  the  master  piston  1  1  away  from  the 
closed  end  portion  10b.  Therefore,  the  opposite 
ends  of  the  valve  rod  14  are  normally  in  engage- 
ment  with  the  respective  retainers  14b,  14c. 

Thus,  the  valve  member  14a  and  the  small 
hole  1  1  d  are  spaced  from  each  other,  brake  fluid 
supplied  from  the  reservoir  41  to  the  fluid  chamber 
13  via  the  port  13a  is  filled  in  the  pressure  cham- 
ber  1  2  via  the  hole  1  1  e  of  the  master  piston  1  1  , 
and  the  hole  11c,  the  small  hole  11d  and  the  hole 
11a.  When  the  master  piston  11  is  moved  toward 
the  closed  end  portion  10b  against  the  biasing 
force  of  the  return  spring  14d,  the  hole  11e  is 
closed  by  the  cup  seal  11f  and  the  small  hole  1  1  d 
is  closed  by  the  valve  member  14a  so  that  the 
pressure  chamber  12  is  held  in  the  closed  state 
except  the  port  12a.  Accordingly,  the  pressure  of 
the  brake  fluid  is  increased  in  response  to  move- 
ment  of  the  master  piston  1  1  . 

In  a  housing  1b  joined  with  the  housing  1a,  a 
boost  chamber  20a  and  a  low-pressure  chamber 
20b  of  the  hydraulic  booster  20  are  defined,  and  a 
power  piston  5  is  fluid-tightly  and  slidably  disposed 
in  a  bore  20c  which  is  formed  between  the  boost 
chamber  20a  and  the  low-pressure  chamber  20b, 
and  which  is  substantially  coaxial  with  the  cylinder 
bore  10a.  The  power  piston  5  is  provided  with  a 
retainer  6  at  its  end  extending  toward  the  brake 
pedal  2,  and  a  spring  6a  is  mounted  between  the 
retainer  6  and  the  housing  1b  so  as  to  normally 
bias  the  power  piston  5  toward  the  brake  pedal  2. 
The  power  piston  5  has  at  its  middle  portion  a 
shoulder  portion  which  abuts  on  the  housing  1b  to 
restrict  the  power  piston  5  from  sliding  toward  the 
brake  pedal  2.  in  the  power  piston  5,  there  are 
formed  a  recess  5a  at  the  end  facing  the  master 
piston  1  1  ,  a  bore  5b  and  a  bore  5e  which  is  larger 
in  diameter  than  the  bore  5b.  A  communication 
hole  is  formed  in  the  bottom  of  the  bore  5b,  and  a 
reaction  piston  22  is  slidably  received  in  the  bore 
5b. 

In  the  reaction  piston  22,  there  is  formed  an 
elongated  hole  22a  extending  coaxially  with  the 
axis  of  the  reaction  piston  22,  and  a  through-hole 
22b  extending  perpendicularly  to  the  elongated 
hole  22a.  A  pin  5h  fixed  to  the  power  piston  5  is 

disposed  in  the  elongated  hole  22a,  so  that  the 
reaction  piston  22  is  restricted  from  sliding  at  least 
toward  the  brake  pedal  2  with  respect  to  the  power 
piston  5.  One  end  of  an  input  rod  3  is  connected  to 

5  the  brake  pedal  2,  and  the  other  end  of  the  input 
rod  3  is  provided  with  a  spherical  head  which  is 
inserted  in  the  bore  5e  of  the  power  piston  5  and 
received  in  the  recess  of  the  reaction  piston  22, 
and  which  is  engaged  with  the  projection  formed 

w  on  the  inner  surface  of  the  recess.  In  the  power 
piston,  there  is  formed  radially  a  through-hole  5f 
which  is  aligned  with  the  through-hole  22b  when 
the  reaction  piston  22  is  positioned  most  closely  to 
the  brake  pedal  2  and  which  is  larger  in  diameter 

is  than  the  through-hole  22b.  The  output  rod  4  is 
received  in  the  recess  5a  of  the  power  piston  5. 
The  output  rod  4  is  insented  into  the  hole  11b  so 
that  its  head  portion  abutts  on  the  bottom  of  the 
hole  11b. 

20  A  support  lever  24  is  pivotally  connected  at  its 
one  end  to  the  housing  1b  by  a  pin  1c  for  pivotal 
movement  within  the  boost  chamber  20a,  and  a 
spherical  head  of  the  support  lever  24  is  fitted  into 
the  through-hole  22b  of  the  reaction  piston  22.  And, 

25  one  head  of  a  control  lever  25,  which  is  pivotally 
connected  with  the  support  lever  24  by  a  pin  24a, 
is  fitted  into  the  through-hole  5f  of  the  power  piston 
5.  In  the  other  head  of  the  control  lever  25,  there  is 
defined  a  hole  around  the  pin  1c.  Accordingly, 

30  when  the  reaction  piston  22  slides  toward  the  out- 
put  rod  4  with  respect  to  the  power  piston  5  which 
is  urged  toward  the  brake  pedal  2,  a  rotating  force 
is  exerted  on  the  support  lever  24  so  as  to  pivotally 
move  the  support  lever  24  clockwise  about  the  pin 

35  1c.  At  that  time,  since  one  head  of  the  control  lever 
25  is  retained  in  the  through-hole  5f  of  the  power 
piston  5,  the  other  head  of  the  control  lever  25  is 
rotated  counterclockwise  about  the  pin  24a  and 
hence  moved  in  the  sliding  direction  of  the  reaction 

40  piston  22.  As  a  result,  the  other  head  of  the  control 
lever  25  is  displaced  in  response  to  movement  of 
the  reaction  piston  22  until  it  comes  into  contact 
with  the  bottom  of  the  bore  5b. 

The  housing  1  b  has  a  spool-valve  bore  extend- 
45  ing  substantially  in  parallel  with  the  power  piston  5 

and  communicating  with  the  boost  chamber  20a, 
and  a  spool  valve  28  is  fitted  into  the  spool-valve 
bore.  The  spool  valve  28  has  a  spool  26  which  is 
slidably  received  in  a  spool  bore  27a  formed  in  a 

so  cylinder  27  substantially  in  parallel  with  the  power 
piston  5.  One  end  of  the  spool  bore  27a  is  fluid- 
tightly  plugged  by  a  closure  member  27f.  In  the 
spool  26,  there  is  formed  axially  a  hole  26a,  and 
formed  radially  a  hole  26b  communicating  with  the 

55  hole  26a.  One  end  of  the  spool  26  is  positioned  in 
the  boost  chamber  20a  and  connected  to  one  end 
of  a  control  rod  29.  The  other  end  of  the  control 
rod  29  is  slidably  mounted  on  a  recess  formed  in 
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he  housing  1b,  and  the  head  of  the  control  lever 
15  is  fitted  into  a  through-hole  29a  radially  bored  in 
he  control  rod  29.  Between  the  cylinder  27  and  a 
etainer  29b  supported  at  one  end  of  the  control 
od  29,  a  spring  29c  is  mounted  so  as  to  normally 
Dias  the  spool  26  toward  the  pin  1c.  The  hole  26a 
normally  opens  to  the  boost  chamber  20a  at  the 
unction  of  the  spool  26  and  the  control  rod  29. 
A/hen  the  control  lever  25  is  in  its  initial  position, 
tie  hole  26a  of  the  spool  26  communicates  with 
:he  reservoir  41  through  a  hole  27b  radially  bored 
n  the  cylinder  27.  Thus,  the  boost  chamber  20a 
also  communicates  with  the  reservoir  41  and  is 
:illed  with  the  brake  fluid  under  the  atmospheric 
pressure. 

A  hole  27c  communicating  with  the  power 
source  40  is  formed  in  the  cylinder  27  with  a 
oredetermined  distance  from  the  hole  27b  toward 
:he  control  rod  29.  The  hole  27c  is  normally  closed 
3y  the  peripheral  surface  of  the  spool  26.  Between 
the  hole  27c  and  the  one  end  of  the  spool  26 
facing  the  control  rod  29,  an  annular  groove  27e  is 
formed  on  the  inner  surface  of  the  cylinder  27,  and 
an  annular  groove  26c  is  formed  on  the  peripheral 
outer  surface  of  the  spool  26  in  opposing  relation 
to  the  annular  groove  27e.  When  the  spool  26  is 
moved  toward  the  closure  member  27f  in  response 
to  movement  of  the  control  lever  25,  the  hole  27b 
of  the  cylinder  27  is  closed.  The  hole  27c  in  turn 
faces  the  annular  groove  26c  of  the  spool  26,  and 
the  annular  groove  27e  faces  the  hole  26b.  Con- 
sequently,  the  hole  27c  communicates  with  the 
hole  26a. 

Accordingly,  the  hydraulic  power  pressure  of 
the  power  source  40  is  introduced  into  the  boost 
chamber  20a  to  increase  the  hydraulic  pressure 
therein,  so  that  the  reaction  force  is  thereby  trans- 
mitted  to  the  brake  pedal  2  through  the  reaction 
piston  22,  and  simultaneously  the  increased  hy- 
draulic  pressure  is  applied  to  the  power  piston  5. 
The  power  piston  5  moves  until  the  pin  5h  comes 
into  contact  with  an  end  portion  of  the  elongated 
hole  22a  at  maximum  with  respect  to  the  reaction 
piston  22.  Thereby,  the  relative  position  of  the 
control  lever  25  and  the  support  lever  24  becomes 
that  in  its  initial  state.  Accordingly,  the  control  lever 
25  is  moved  clockwise  to  retract  the  control  rod  29 
toward  the  brake  pedal  2.  Thereby,  the  hole  27c  of 
the  cylinder  27  is  thereby  closed,  and  in  turn  the 
hole  27b  communicates  with  the  hole  26a  of  the 
spool  26  to  lower  the  hydraulic  pressure  in  the 
boost  chamber  20a  so  that  the  power  piston  5  is 
moved  toward  the  brake  pedal  2.  With  this  opera- 
tion  performed  repeatedly,  the  hydraulic  power 
pressure  within  the  boost  chamber  20a  is  regulated 
so  as  to  boost  the  master  cylinder  10. 

The  boost  chamber  20a  of  the  hydraulic  boost- 
er  20  communicates  with  the  auxiliary  cylinder  80 

through  the  hydraulic  circuit  i<l.  ine  auxiliary  cyl- 
inder  80  is  connected  to  one  circuit  of  the  dual 
circuits  in  the  present  embodiment,  that  is,  it  com- 
municates  with  the  wheel  brake  cylinders  53a,  54a 

5  mounted  on  the  rear  road  wheels  53,  54  through 
the  hydraulic  circuit  72a.  On  the  other  hand,  the 
pressure  chamber  12  of  the  master  cylinder  10  is 
connected  to  the  other  circuit,  that  is,  it  commu- 
nicates  with  the  wheel  brake  cylinders  51a,  52a 

<o  mounted  on  the  front  road  wheels  51,  52  through 
the  hydraulic  circuit  71  . 

The  auxiliary  cylinder  80  includes  a  cylinder 
body  81  having  a  cylinder  bore  defined  therein  and 
a  piston  82  slidably  received  in  the  cylinder  bore.  A 

15  closure  member  81a  is  inserted  into  an  open  end 
of  the  cylinder  body  81,  the  cylinder  bore  of  which 
is  divided  by  the  piston  82  into  a  first  pressure 
chamber  83  and  a  second  pressure  chamber  84.  A 
small-diameter  portion  is  formed  longitudinally  in 

w  the  middle  portion  of  the  piston  82,  and  two  land 
portions  82a,  82b  are  formed  on  opposite  ends  of 
the  piston  82,  so  that  a  fluid  chamber  85  is  defined 
therebetween  within  the  cylinder  body  81  as  a  third 
chamber.  A  head  portion  82h  is  formed  on  the  land 

?5  portion  82a,  so  that  a  space  is  maintained  in  the 
first  pressure  chamber  83  even  if  the  piston  82  is 
brought  into  contact  with  the  closure  member  81a. 

In  the  middle  small-diameter  portion  of  the 
piston  82,  radially  bored  is  an  elongated  hole  82c, 

30  through  which  a  shaft  86  is  disposed  and  fixedly 
attached  to  the  cylinder  81  .  In  the  land  portion  82b 
of  the  piston  82,  there  is  defined  a  valve  chamber 
82d  which  communicates  with  the  fluid  chamber  85 
and  the  second  pressure  chamber  84  through  com- 

35  munication  holes  82e,  82f  respectively,  and  which 
receives  a  valve  member  87  to  provide  a  valve 
mechanism.  The  valve  member  87  has  a  spherical 
head  to  be  seated  on  an  opening  of  the  commu- 
nication  hole  82e  and  a  rod  extending  from  the 

40  spherical  head  into  the  communication  hole  82e  in 
spaced  relationship  therewith,  and  is  biased  toward 
the  communication  hole  82e  by  a  spring  88.  The 
valve  member  87  is  so  arranged  that  when  the 
head  portion  82h  of  the  piston  82  abuts  on  the 

45  closure  member  81a,  the  rod  of  the  valve  member 
87  comes  into  contact  with  the  shaft  86  and  the 
spherical  head  of  the  valve  member  87  is  held 
away  from  the  communication  hole  82e.  The  piston 
82  is  biased  by  a  spring  89  provided  in  the  cyl- 

50  inder  body  81  in  such  direction  that  the  land  por- 
tion  82b  comes  into  contact  with  the  shaft  86. 
Accordingly,  when  a  hydraulic  pressure  in  the  first 
pressure  chamber  83  is  equal  to  that  in  the  second 
pressure  chamber  84,  the  piston  82  is  located  at  a 

55  position  as  indicated  in  FIG.1,  whereby  the  second 
pressure  chamber  84  communicates  with  the  fluid 
chamber  85,  while  its  fluid  communication  with  the 
first  pressure  chamber  83  is  always  blocked. 
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In  the  auxiliary  cylinder  80,  the  first  pressure 
chamber  83  communicates  with  the  boost  chamber 
20a  of  the  hydraulic  booster  20  through  a  port  83a, 
the  hydraulic  circuit  72  and  the  port  20d,  while  the 
second  pressure  chamber  84  communicates  with 
the  wheel  brake  cylinders  53a,  54a  through  a  port 
84a  and  the  hydraulic  circuit  72a  or  a  part  of  the 
second  hydraulic  circuit.  The  fluid  chamber  85 
communicates  with  the  reservoir  41  through  a  port 
85a  and  the  hydraulic  circuit  70  provided  as  a  drain 
circuit.  Accordingly,  the  second  pressure  chamber 
84  is  substantially  under  the  atmospheric  pressure 
in  the  condition  as  shown  in  FIG.1.  When  the 
hydraulic  pressure  from  the  hydraulic  booster  20  is 
applied  to  the  first  pressure  chamber  83  and  the 
piston  82  slides  toward  a  closed  end  of  the  cyl- 
inder  body  81  against  a  biasing  force  of  the  spring 
89,  the  valve  member  87  is  moved  away  from  the 
shaft  86,  so  that  the  sperical  head  of  the  valve 
member  87  closes  the  communication  hole  82e  by 
a  biasing  force  of  the  spring  88.  Accordingly,  since 
the  second  pressure  chamber  84  is  closed,  the 
hydraulic  pressure  in  the  second  pressure  chamber 
84  is  increased  in  response  to  motion  of  the  piston 
82  sliding  toward  the  closed  end  of  the  cylinder 
body  81. 

The  power  source  40  comprises  a  fluid  pump 
43  driven  by  an  electric  motor  42  and  is  so  struc- 
tured  that  its  input  side  is  connected  to  the  reser- 
voir  41  while  its  output  side  is  connected  to  an 
accumulator  44  via  a  check  valve  45,  and  the 
hydraulic  power  pressure  is  supplied  to  necessary 
portions  via  the  accumulator  44.  Further,  the  elec- 
tric  motor  42  is  intermittently  controlled  in  response 
to  a  signal  of  a  pressure  sensor  (not  shown),  so 
that  the  hydraulic  power  pressure  is  maintained  to 
be  at  a  predetermined  value. 

The  operation  of  the  above  described  embodi- 
ment  will  now  be  explained.  When  the  brake  pedal 
2  is  not  depressed  as  shown  in  FIG.1,  the  pressure 
chamber  12  of  the  master  cylinder  10  commu- 
nicates  with  the  fluid  chamber  13,  the  former  com- 
municating  with  the  wheel  brake  cylinders  51a,  52a 
and  the  latter  communicating  with  the  reservoir  41 
respectively,  so  that  the  brake  fluid  filled  in  these 
chambers  is  under  a  pressure  equal  to  the  pres- 
sure  in  the  reservoir  41  ,  that  is,  substantially  under 
the  atmospheric  pressure.  When  the  power  source 
40  operates,  the  hydraulic  power  pressure  is  ap- 
plied  to  the  hole  27c  of  the  hydraulic  booster  20. 
However,  the  hydraulic  booster  20  is  inoperative  as 
long  as  the  hole  27c  is  closed  as  shown  in  FIG.1. 
In  this  condition,  the  boost  chamber  20a  of  the 
hydraulic  booster  20  communicates  with  the  reser- 
voir  41  via  the  communication  hole  27b  and  is 
substantially  under  the  atmospheric  pressure,  so 
that  the  first  pressure  chamber  83  of  the  auxiliary 
cylinder  80  which  communicates  with  the  boost 

chamber  20a  through  the  hydraulic  circuit  72  is 
also  under  the  atmospheric  pressure.  Accordingly, 
the  piston  82  which  is  biased  by  the  spring  89 
comes  to  contact  with  the  closure  member  81a,  so 

5  that  the  communication  hole  82e  opens.  Namely, 
the  second  pressure  chamber  84  communicates 
with  the  fluid  chamber  85,  so  that  the  wheel  brake 
cylinders  53a,  54  are  under  the  atmospheric  pres- 
sure. 

70  When  the  brake  pedal  2  is  depressed,  the 
reaction  piston  22  is  pushed  by  the  input  rod  3. 
And,  when  the  reaction  piston  22  is  moved  until  it 
abuts  on  the  power  piston  5,  the  control  lever  25  is 
rotated  counterclockwise  with  respect  to  the  sup- 

75  port  lever  24  so  that  the  head  of  the  control  lever 
25  pushes  the  spool  26.  Thereby,  the  hydraulic 
power  pressure  is  introduced  from  the  power 
source  40  into  the  boost  chamber  20a  to  push  the 
power  piston  5,  so  that  the  boost  force  is  applied  to 

20  the  master  piston  1  1  ,  and  the  reaction  force  is 
transmitted  to  the  brake  pedal  2  via  the  reaction 
piston  22.  Simultaneously,  the  hydraulic  pressure  is 
supplied  from  the  port  20d  to  the  first  pressure 
chamber  83  of  the  auxiliary  cylinder  80.  Thereby, 

25  after  the  communication  hole  82e  is  closed  by  the 
valve  member  87  with  the  piston  82  moved,  the 
second  pressure  chamber  84  is  reduced  in  volume 
in  response  to  the  sliding  motion  of  the  piston  82, 
so  that  a  hydraulic  pressure  corresponding  to  the 

30  hydraulic  pressure  discharged  from  the  hydraulic 
booster  20  is  applied  to  each  of  the  wheel  brake 
cylinders  53a,  54a.  When  the  master  piston  11 
starts  to  slide  by  the  action  of  the  power  piston  5, 
the  small  hole  1  1  d  is  closed  by  the  valve  member 

35  14a,  and  then  the  hydraulic  braking  pressure  is 
generated  and  discharged  to  each  of  the  wheel 
brake  cylinders  51a,  52a  in  accordance  with  the 
reduction  of  volume  of  the  pressure  chamber  12.  A 
hydraulic  pressure  in  the  boost  chamber  20d  is 

40  regulated  to  a  predetermined  hydraulic  pressure 
with  the  spool  valve  28  operated  by  the  control 
lever  25  in  response  to  the  relative  displacement  of 
the  power  piston  5  to  the  reaction  piston  22.  When 
the  depressing  force  of  the  brake  pedal  2  is  re- 

45  leased,  the  present  system  operates  in  the  reverse 
manner  and  returns  to  the  condition  shown  in 
FIG.1. 

In  the  case  where  leakage  of  the  brake  fluid 
occurs  in  the  wheel  brake  cylinders  53a,  54a  or  the 

so  hydraulic  circuit  72a,  the  brake  fluid  might  flow  out 
of  the  auxiliary  cylinder  80  and  the  wheel  brake 
cylinders  53a,  54a  if  the  second  pressure  chamber 
84  was  so  arranged  to  communicate  with  the  first 
pressure  chamber  83  in  the  auxiliary  cylinder  80. 

55  However,  since  the  second  pressure  chamber  84  is 
separated  from  the  first  pressure  chamber  83,  the 
brake  fluid  filled  in  the  hydraulic  circuit  from  the 
first  pressure  chamber  83  to  the  power  source  40 
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ncluding  these  devices  will  never  flow  out  of  them. 
Accordingly,  the  hydraulic  booster  20  maintains  its 
Doosting  function  to  the'  master  cylinder  10,  so  that 
;he  braking  force  to  each  of  the  wheel  brake  cyl- 
nders  51a,  52a  is  sufficiently  ensured. 

fn  the  above  embodiment,  as  the  auxiliary  cyl- 
nder  80,  a  cylinder  similar  in  structure  to  the 
master  cylinder  10  may  be  used.  Further,  the  front 
■oad  wheels  51,  52  and  the  rear  road  wheels  53,  54 
nay  be  inverted  each  other  to  connect  the  front 
■oad  wheels  51,  52  with  the  hydraulic  booster  20 
tirough  the  auxiliary  cylinder  80. 

FIG.2  shows  another  embodiment  of  the 
Dresent  invention,  in  which  the  anti-locking  and 
anti-slip  operations  may  be  performed  and  in  which 
ike  reference  numerals  denote  like  elements 
shown  in  FIG.1,  and  the  detailed  description  of  the 
Blements  will  be  omitted.  In  this  embodiment,  a 
oroportioning  valve  55  is  disposed  in  the  hydraulic 
circuit  communicating  with  the  rear  road  wheels  53, 
54  and  is  so  structured  that  the  hydraulic  pressure 
discharged  from  the  hydraulic  booster  20  is  re- 
duced  at  a  predetermined  rate  so  as  to  approxi- 
mate  to  an  ideal  distribution  of  the  braking  force. 
Namely,  the  proportioning  valve  55  whose  structure 
is  known  in  the  art  is  interposed  in  the  hydraulic 
circuit  72,  and  the  hydraulic  pressure  from  the 
hydraulic  booster  20  is  reduced  on  the  basis  of  a 
pressure-reduction  rate  which  is  preset  according 
to  an  input/output  area  ratio  of  a  stepped  piston  in 
the  proportioning  valve  55,  so  that  the  reduced 
hydraulic  pressure  is  applied  to  the  auxiliary  cyl- 
inder  80.  The  proportioning  valve  of  this  type  is 
normally  disposed  between  the  pressure  generator 
1  and  the  wheel  brake  cylinders  53a,  54a  mounted 
on  the  rear  road  wheels  53,  54.  Therefore,  if  the 
proportioning  valve  is  disposed  between  the  auxil- 
iary  cylinder  80  and  the  wheel  brake  cylinders  53a, 
54a  for  the  normal  braking  operation,  it  is  neces- 
sary  for  a  system  functioning  the  anti-locking  op- 
eration  to  be  provided  with  a  pair  of  proportioning 
valves  for  regulating  the  hydraulic  pressure  sup- 
plied  from  the  hydraulic  booster  20  to  each  of  the 
wheel  brake  cylinders  53a,  54a.  In  the  present 
embodiment,  however,  only  one  proportioning  valve 
55  is  interposed  between  the  auxiliary  cylinder  80 
and  the  hydraulic  booster  20  to  reduce  the  hydrau- 
lic  pressure  supplied  to  the  wheel  brake  cylinders 
53a,  54a  in  any  case. 

The  port  20d  of  the  hydraulic  booster  20  com- 
municates  with  the  wheel  brake  cylinders  53a,  54a 
mounted  on  the  rear  road  wheels  53,  54,  or  driving 
wheels  in  the  present  embodiment,  through  the 
hydraulic  circuit  72,  the  proportioning  valve  55,  the 
auxiliary  cylinder  80,  hydraulic  circuits  75,  77  pro- 
vided  as  a  part  of  the  second  hydraulic  circuit,  a 
first  changeover  valve  65  and  control  valves  63,  64. 
The  port  12a  in  the  master  cylinder  10  commu- 

nicates  with  the  wheel  orake  cylinders  sna,  o^a 
mounted  on  the  front  road  wheels  51,  52  through 
hydraulic  circuits  71  ,  73  provided  as  a  part  of  the 
first  hydraulic  circuit,  a  third  changeover  valve  67 

5  and  control  valves  61,  62.  Further,  the  hydraulic 
booster  20  communicates  with  the  third  chan- 
geover  valve  67  through  a  hydraulic  circuit  74. 

An  output  port  of  the  proportioning  valve  55 
communicates  with  the  first  pressure  chamber  83 

w  of  the  auxiliary  cylinder  80  and  also  communicates 
with  a  second  changeover  valve  66  through  a  hy- 
draulic  circuit  76  provided  as  a  bypass  circuit  with 
a  hydraulic  circuit  78,  through  which  the  second 
changeover  valve  66  communicates  with  the  first 

15  changeover  valve  65.  Further,  the  power  source  40 
communicates  with  the  second  changeover  valve 
66  through  a  hydraulic  circuit  79  provided  as  a 
power  circuit.  The  fluid  chamber  85  of  the  auxiliary 
cylinder  80  communicates  with  a  port  20e,  which  is 

20  formed  in  the  hydraulic  booster  20,  through  the 
hydraulic  circuit  70  or  the  drain  circuit,  and  the  port 
20e  communicates  with  the  reservoir  41  through  an 
internal  flow  passage  (not  shown)  in  the  hydraulic 
booster  20. 

25  The  first  changeover  valve  65  is  formed  of  a 
three  ports-two  positions  solenoid  operated  valve 
which  is  normally  positioned  in  a  first  operating 
position  where  the  hydraulic  circuits  75,  77  com- 
municates  with  each  other  and  the  hydraulic  circuit 

30  78  is  closed,  and  which  is  changed  over  in  its 
operative  condition  to  a  second  operating  position 
where  the  hydraulic  circuits  77,  78  communicates 
with  each  other  and  the  hydraulic  circuit  75  is 
closed.  The  second  changeover  valve  66  is  also 

35  formed  of  a  three  ports-two  positions  solenoid  op- 
erated  valve  which  normally  closes  the  hydraulic 
circuit  79  and  communicates  the  hydraulic  circuit 
76  with  the  hydraulic  circuit  78,  so  that  the  first 
changeover  valve  65  communicates  with  the  hy- 

40  draulic  booster  20  via  the  proportioning  valve  55. 
The  second  changeover  valve  66  closes  the  hy- 
draulic  circuit  76  in  its  operative  condition  and 
communicates  the  hydraulic  circuit  78  with  the 
hydraulic  circuit  79,  so  that  the  first  changeover 

45  valve  65  communicates  with  the  power  source  40. 
Further,  the  third  changeover  valve  67  is  also 
formed  of  a  three  ports-two  positions  solenoid  op- 
erated  valve  which  normally  communicates  the  hy- 
draulic  circuit  71  with  the  hydraulic  circuit  73.  In  its 

so  operative  condition,  the  hydraulic  circuits  73,  74 
communicates  with  each  other  to  communicate 
with  the  hydraulic  booster  20. 

The  first,  second  and  third  changeover  valves 
65,  66  and  67  are  controlled  by  a  controller  100 

55  which  receives  an  output  signal  from  a  fluid  sensor 
(not  shown)  provided  in  the  reservoir  41  or  an 
output  signal  from  a  pressure  sensor  (not  shown) 
provided  in  the  power  source  40.  In  the  normal 
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condition,  all  of  the  changeover  valves  65,  66  and 
67  are  inoperative  as  shown  in  FIG.2.  In  the  anti- 
locking  operation,  while  the  second  changeover 
valve  66  is  inoperative,  the  first  and  third  chan- 
geover  valves  65,  67  operate.  In  the  anti-slip  opera- 
tion  to  the  rear  road  wheels  53,  54  or  the  driving 
wheels,  while  the  third  changeover  valve  67  is 
inoperative,  the  first  changeover  valve  65  first  op- 
erates  and  then  the  second  changeover  valve  66 
operates.  When  a  shortage  of  brake  fluid  is  de- 
tected  by  the  fluid  sensor,  for  instance,  the  first  and 
third  changeover  valves  65,  67  are  rendered  to  be 
inoperative,  that  is,  changed  into  the  position  in  the 
normal  condition,  or  when  a  reduction  of  hydraulic 
power  pressure  is  detected  by  the  pressure  sensor, 
the  first  and  third  changeover  valves  65,  67  are 
controlled  in  the  same  manner.  Thereby,  the  brake 
fluid  is  prevented  from  flowing  out  of  the  hydraulic 
booster  20  and  the  hydraulic  circuits  connected 
thereto  in  the  case  where  the  hydraulic  power 
pressure  of  the  power  source  40  disappears  or 
other  cases. 

Each  of  the  control  valves  61  ,  62  is  formed  of  a 
three  ports-three  positions  solenoid  valve,  and  is  so 
arranged  that  each  of  the  wheel  brake  cylinders 
51a,  52a  communicates  with  the  third  changeover 
valve  67  in  its  first  operating  position,  the  commu- 
nication  therebetween  is  blocked  in  its  second  op- 
erating  position  and  each  of  the  wheel  brake  cyl- 
inders  51a,  52a  communicates  with  the  reservoir  41 
in  its  third  operating  positron.  In  its  normal  con- 
dition,  the  ordinal  braking  operation  is  carried  out  in 
the  first  operating  position,  and  in  the  anti-locking 
operation,  the  first  to  third  operating  positions  are 
selectively  positioned  to  regulate  the  hydraulic 
braking  pressure  in  response  to  locking  condition 
of  the  front  road  wheels  51  ,  52.  As  for  the  rear  road 
wheels  53,  54,  the  control  valves  63,  64  of  the 
same  type  as  described  above  are  connected  to 
the  wheel  brake  cylinders  53a,  54a. 

In  operation  of  the  above  embodiment,  when 
the  first,  second  and  third  changeover  valve  65,  66, 
67  and  the  control  valves  61  to  64  are  positioned 
as  shown  in  FIG.2  in  the  normal  braking  operation, 
the  front  road  wheels  51,  52  are  braked  in  re- 
sponse  to  the  hydraulic  braking  pressure  from  the 
master  cylinder  10  and  the  rear  road  wheels  53,  54 
are  braked  in  response  to  the  hydraulic  pressure 
from  the  hydraulic  booster  20.  When  an  excessive 
amount  of  slip  of  each  of  the  road  wheels  51  to  54 
is  detected  in  the  braking  operation  and  then  the 
anti-locking  operation  is  initiated,  the  first  chan- 
geover  valve  65  and  third  changeover  valve  67  are 
actuated  by  the  controller  100,  and  the  hydraulic 
pressure  discharged  from  the  hydraulic  booster  20 
is  supplied  to  the  control  valves  61  to  64.  Then,  the 
three  operating  positions  in  each  of  the  control 
valves  61  to  64  are  selectively  positioned  depend- 

ing  upon  the  locking  condition  of  the  front  and  rear 
road  wheels  51  to  54  to  regulate  the  hydraulic 
braking  pressure  in  each  of  the  wheel  brake  cyl- 
inders  51a  to  54a. 

5  In  starting  or  accelerating  operation  of  the  ve- 
hicle,  when  an  excessive  amount  of  slip  of  each  of 
the  rear  road  wheels  53,  54  or  the  driving  wheels, 
is  detected  in  the  controller  100,  the  first  chan- 
geover  valve  65  operates  to  close  the  hydraulic 

w  circuit  75.  Next,  the  second  changeover  valve  66 
operates  and  then  the  hydraulic  power  pressure  is 
applied  to  each  of  the  wheel  brake  cylinders  53a, 
54a,  whereby  the  rear  road  wheels  53,  54  are 
braked  irrespective  of  operation  of  the  brake  pedal 

?s  2.  Namely,  the  operation  of  each  of  the  control 
valves  63,  64  is  controlled  by  the  controller  100,  so 
that  the  hydraulic  pressure  in  each  of  the  wheel 
brake  cylinders  53a,  54a  is  increased,  decreased 
or  held  depending  upon  the  slip  condition  of  the 

20  rear  road  wheels  53,  54  and  the  excessive  rotation 
is  suppressed  to  prevent  the  slip  of  the  rear  road 
wheels  53,  54. 

Thus,  the  hydraulic  power  pressure  generated 
by  the  power  source  40  is  in  the  stand-by  condition 

25  in  the  second  changeover  valve  66  until  the  first 
changeover  valve  65  operates.  When  the  first  chan- 
geover  valve  65  operates,  it  first  communicates 
with  the  hydraulic  booster  20  via  the  second  chan- 
geover  valve  66  and  the  proportioning  valve  55, 

30  with  the  hydraulic  circuit  75  closed,  so  that  the 
power  source  40  never  communicates  with  the 
hydraulic  circuit  75.  Even  if  any  one  of  the  first  and 
second  changeover  valves  65,  66  does  not  operate, 
the  hydraulic  power  pressure  is  not  supplied  to  the 

35  hydraulic  circuit  77.  Therefore,  a  fail-safe  is  effec- 
tuated  with  a  combination  of  the  above  changeover 
valves  65,  66.  In  the  case  where  the  hydraulic 
pressure  is  not  discharged  from  the  hydraulic 
booster  20  due  to  loss  of  the  hydraulic  power 

40  pressure  in  the  power  source  40  or  other  defects, 
the  first  changeover  valve  65  is  rendered  to  be 
inoperative  as  described  above,  and  the  third  chan- 
geover  valve  67  is  also  rendered  to  be  inoperative, 
whereby  the  fail-safe  is  effectuated.  Of  course,  this 

45  embodiment  functions  as  the  embodiment  in  FIG.1 
does.  If  leakage  of  the  brake  fluid  occurs  in  each  of 
the  wheel  brake  cylinders  53a,  54a  or  the  hydraulic 
circuit  77,  the  first  changeover  valve  65  is  rendered 
to  be  inoperative,  so  that  the  communication  be- 

so  tween  the  first  changeover  valve  65  and  the  hy- 
draulic  booster  20  is  blocked  by  the  auxiliary  cyl- 
inder  80.  Thereby,  the  leakage  of  the  brake  fluid  is 
restrained  to  the  minimum,  so  that  the  hydraulic 
booster  20  maintains  its  boosting  function. 

55  FIG.3  shows  a  further  embodiment  of  the 
present  invention,  which  differs  from  the  embodi- 
ment  shown  in  FIG.1  in  the  arrangement  of  the  first 
and  second  changeover  valves  65,  66.  The  remain- 
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ing  structure  is  essentially  same  as  that  illustrated 
in  FIG.2.  In  this  embodiment,  the  first  changeover 
valve  65  is  interposed  in  the  hydraulic  circuit  70,  or 
the  drain  circuit,  which  communicates  the  auxiliary 
cylinder  80  with  the  port  20e  of  the  hydraulic 
booster  20  communicating  with  the  reservoir  41.  An 
output  port  of  the  second  changeover  valve  66 
communicates  with  an  input  port  of  the  first  chan- 
geover  valve  65  through  the  hydraulic  circuit  78 
provided  as  a  part  of  the  bypass  circuit.  An  input 
port  of  the  second  changeover  valve  66  commu- 
nicates  with  the  proportioning  valve  55  through  the 
hydraulic  circuit  76  provided  as  a  part  of  the  by- 
pass  circuit,  and  its  other  input  port  communicates 
with  the  power  source  40  through  the  hydraulic 
circuit  79  or  the  power  circuit.  The  second  pres- 
sure  chamber  84  of  the  auxiliary  cylinder  80  di- 
rectly  communicates  with  each  of  the  control 
valves  63,  64. 

The  first  changeover  valve  65  is  normally 
positioed  in  a  first  operating  position  where  the 
hydraulic  circuit  78  is  closed  and  the  fluid  chamber 
85  communicates  with  the  reservoir  41,  and  is 
changed  over  in  its  operative  condition  to  a  second 
operating  position  where  the  fluid  chamber  85  com- 
municates  with  the  second  changeover  valve  66 
through  the  hydraulic  circuit  78  and  the  commu- 
nication  between  the  fluid  chamber  85  and  the 
reservoir  41  is  blocked.  The  second  changeover 
valve  66  is  normally  positioned  in  a  first  operating 
position  where  the  hydraulic  circuits  76,  78  com- 
municate  with  each  other  and  the  hydraulic  circuit 
79  is  closed,  and  is  changed  over  in  its  operative 
condition  to  a  second  operating  position  where  the 
hydraulic  circuit  76  is  closed  and  the  hydraulic 
circuits  78,  79  communicate  with  each  other. 

Accordingly,  in  the  normal  braking  operation, 
the  first  to  third  changeover  valves  65  to  67  and 
the  control  valves  61  to  64  are  positioned  as  shown 
in  FIG.3,  so  that  the  front  road  wheels  51,  52  are 
braked  in  response  to  the  hydraulic  "braking  pres- 
sure  from  the  master  cylinder  10,  and  the  rear  road 
wheels  53,  54  are  braked  in  response  to  the  hy- 
draulic  pressure  from  the  hydraulic  booster  20. 

When  an  excessive  amount  of  slip  of  each  of 
the  road  wheels  51  to  54  is  detected  in  the  braking 
operation,  and  the  anti-locking  operation  is  initiated, 
the  first  and  third  changeover  valves  65,  67  are 
actuated  by  the  controller  100.  Then,  the  hydraulic 
pressure  discharged  from  the  hydraulic  booster  20 
is  applied  to  the  control  valves  63,  64  through  the 
auxiliary  cylinder  80,  and  the  hydraulic  pressure 
discharged  from  the  hydraulic  booster  20  is  directly 
applied  to  the  control  valves  61  ,  62.  Consequently, 
the  anti-locking  operation  is  carried  out  in  the  same 
manner  as  the  embodiment  in  FIG.2. 

In  starting  or  accelerating  operation  of  the  ve- 
hicle,  when  an  excessive  amount  of  slip  of  each  of 

the  rear  road  wheels  53,  54  or  the  driving  wheels  is 
detected,  the  first  changeover  valve  65  first  op- 
erates  and  then  the  second  changeover  valve  66 
operates  to  apply  the  hydraulic  power  pressure  to 

5  each  of  the  wheel  brake  cylinders  53a,  54a.  Thus, 
the  anti-slip  operation  is  carried  out  in  the  same 
manner  as  the  embodiment  in  FIG.2.  Accordingly, 
the  hydraulic  power  pressure  generated  by  the 
power  source  40  is  normally  in  the  stand-by  con- 

10  dition  in  the  second  changeover  valve  66  until  the 
first  changeover  valve  65  operates.  When  the  first 
changeover  valve  65  operates,  the  first  changeover 
valve  65  first  communicates  with  the  hydraulic 
booster  20  via  the  proportioning  valve  55  and  the 

/5  communication  between  the  first  changeover  valve 
65  and  the  reservoir  41  is  blocked.  Therefore,  the 
power  source  40  never  communicates  with  the 
reservoir  41  . 

It  should  be  apparent  to  one  skilled  in  the  art 
20  that  the  above-described  embodiments  are  merely 

illustrative  of  but  a  few  of  the  many  possible  spe- 
cific  embodiments  of  the  present  invention.  Nu- 
merous  and  various  other  arrangements  can  be 
readily  devised  by  those  skilled  in  the  art  without 

25  departing  from  the  spirit  and  scope  of  the  invention 
as  defined  in  the  following  claims. 

A  hydraulic  braking  system  for  an  automotive 
vehicle  having  a  power  source  for  generating  a 
hydraulic  power  pressure,  a  reservoir,  a  master 

30  cylinder,  a  hydraulic  booster  for  actuating  the  mas- 
ter  cylinder  in  response  to  depression  of  a  brake 
pedal  and  a  plurality  of  wheel  brake  cylinders  for 
braking  respective  road  wheels,  which  are  divided 
into  a  first  group  of  wheel  brake  cylinders  commu- 

35  nicating  with  the  master  cylinder  and  a  second 
group  of  wheel  brake  cylinders  communicating  with 
the  hydraulic  booster.  An  auxiliary  cylinder  is  dis- 
posed  between  the  hydraulic  booster  and  the  sec- 
ond  group  of  wheel  brake  cylinders.  The  auxiliary 

40  cylinder  includes  a  cylinder  body  having  a  cylinder 
bore  defined  therein  and  a  piston  axially  slidably 
disposed  within  the  cylinder  bore.  The  piston  forms 
within  the  cylinder  bore  a  first  chamber  and  a 
second  chamber,  and  blocks  a  fluid  communication 

45  therebetween.  The  first  chamber  communicates 
with  the  hydraulic  booster  and  the  second  chamber 
communicates  with  the  second  group  of  wheel 
brake  cylinders  to  which  a  braking  force  is  applied 
in  response  to  operation  of  the  hydraulic  booster. 

so  Thereby,  the  brake  fluid  filled  in  the  hydraulic 
booster  is  prevented  from  flowing  out,  even  if  leak- 
age  of  the  brake  fluid  occurs  in  the  second  group 
of  wheel  brake  cylinders. 

55 
Claims 

1.  A  hydraulic  braking  system  for  an  auto- 
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motive  vehicle  comprising: 
a  power  source  for  generating  a  hydraulic  power 
pressure; 
a  reservoir  for  storing  an  amount  of  brake  fluid; 
a  master  cylinder  for  introducing  said  brake  fluid 
thereinto  from  said  reservoir  and  generating  a  hy- 
draulic  braking  pressure  in  response  to  operation  of 
a  manually-operated  member; 
a  hydraulic  booster  for  actuating  said  master  cyl- 
inder  by  said  hydraulic  power  pressure  supplied 
from  said  power  source  in  response  to  operation  of 
said  manually-operated  member; 
a  plurality  of  wheel  brake  cylinders  for  braking 
respective  road  wheels,  said  wheel  brake  cylinders 
being  divided  into  a  first  group  of  wheel  brake 
cylinders  communicating  with  said  master  cylinder 
through  a  first  hydraulic  circuit  and  a  second  group 
of  wheel  brake  cylinders  communicating  with  said 
hydraulic  booster  through  a  second  hydraulic  cir- 
cuit;  and 
an  auxiliary  cylinder  disposed  in  said  second  hy- 
draulic  circuit,  said  auxiliary  cylinder  comprising  a 
cylinder  body  having  a  cylinder  bore  defined  there- 
in  and  a  piston  axially  slidably  disposed  within  said 
cylinder  bore,  said  piston  dividing  said  cylinder 
bore  into  a  first  chamber  communicating  with  said 
hydraulic  booster  and  a  second  chamber  commu- 
nicating  with  said  second  group  of  wheel  brake 
cylinders,  and  said  piston  blocking  a  fluid  commu- 
nication  between  said  first  chamber  and  said  sec- 
ond  chamber. 

2.  A  hydraulic  braking  system  for  an  auto- 
motive  vehicle  as  set  forth  in  claim  1  ,  wherein  said 
piston  of  said  auxiliary  cylinder  forms  within  said 
cylinder  bore  a  third  chamber  communicating  with 
said  reservoir  through  a  drain  circuit,  and  wherein 
said  piston  is  equipped  with  a  valve  mechanism  for 
normally  communicating  said  second  chamber  with 
said  third  chamber,  and  blocking  the  communica- 
tion  therebetween  when  a  hydraulic  pressure  sup- 
plied  from  said  hydraulic  booster  to  said  first  cham- 
ber  exceeds  a  hydraulic  pressure  in  said  second 
chamber. 

3.  A  hydraulic  braking  system  for  an  auto- 
motive  vehicle  as  set  forth  in  claim  1  ,  further  com- 
prising  a  proportioning  valve  disposed  in  said  sec- 
ond  hydraulic  circuit  at  a  point  thereof  between 
said  hydraulic  booster  and  said  first  chamber  of 
said  auxiliary  cylinder. 

4.  A  hydraulic  braking  system  for  an  auto- 
motive  vehicle  as  set  forth  in  claim  3,  further  com- 
prising  a  bypass  circuit  connecting  a  point  of  said 
second  hydraulic  circuit  between  said  proportioning 
valve  and  said  first  chamber  of  said  auxiliary  cyl- 
inder  to  a  point  of  said  second  hydraulic  circuit 
between  said  second  chamber  of  said  auxiliary 
cylinder  and  said  second  group  of  wheel  brake 
cylinders,  and  a  normally-closed  valve  disposed  in 

said  bypass  circuit  for  normally  shutting  off  said 
bypass  circuit. 

5.  A  hydraulic  braking  system  for  an  auto- 
motive  vehicle  as  set  forth  in  claim  4,  wherein  said 

5  normally-closed  valve  comprises  a  first  changeover 
valve  disposed  in  said  bypass  circuit  and  selec- 
tively  placed  in  one  of  a  first  operating  position  for 
shutting  off  said  bypass  circuit  and  communicating 
said  second  chamber  of  said  auxiliary  cylinder  with 

w  said  second  group  of  wheel  brake  cylinders,  and  a 
second  operating  position  for  communicating  said 
proportioning  valve  with  said  second  group  of 
wheel  brake  cylinders  through  said  bypass  circuit 
and  blocking  the  communication  between  said  sec- 

15  ond  chamber  of  said  auxiliary  cylinder  and  said 
second  group  of  wheel  brake  cylinders. 

6.  A  hydraulic  braking  system  for  an  auto- 
motive  vehicle  as  set  forth  in  claim  5,  further  com- 
prising  valve  means  disposed  in  said  second  hy- 

20  draulic  circuit  at  a  point  thereof  between  said  first 
changeover  valve  and  each  of  said  second  group 
of  wheel  brake  cylinders  for  controlling  the  commu- 
nication  therebetween  and  the  communication  be- 
tween  said  second  group  of  wheel  brake  cylinders 

25  and  said  reservoir  in  response  to  locking  condition 
of  said  road  wheels. 

7.  A  hydraulic  braking  system  for  an  auto- 
motive  vehicle  as  set  forth  in  claim  6,  further  com- 
prising  a  second  changeover  valve  disposed  in 

30  said  bypass  circuit  at  a  point  thereof  between  said 
proportioning  valve  and  said  first  changeover  valve, 
and  connected  to  said  power  source  through  a 
power  circuit,  said  second  changeover  valve  being 
selectively  placed  in  one  of  a  first  operating  posi- 

35  tion  for  shutting  off  said  power  circuit  and  commu- 
nicating  said  proportioning  valve  with  said  first 
changeover  valve,  and  a  second  operating  position 
for  communicating  said  power  source  with  said  first 
changeover  valve  and  blocking  the  communication 

40  between  said  proportioning  valve  and  said  first 
changeover  valve. 

8.  A  hydraulic  braking  system  for  an  auto- 
motive  vehicle  as  set  forth  in  claim  3,  wherein  said 
piston  of  said  auxiliary  cylinder  forms  within  said 

45  cylinder  bore  a  third  chamber  communicating  with 
said  reservoir  through  a  drain  circuit,  and  wherein 
said  piston  is  equipped  with  a  valve  mechanism  for 
normally  communicating  said  second  chamber  with 
said  third  chamber,  and  blocking  the  communica- 

50  tion  therebetween  when  a  hydraulic  pressure  sup- 
plied  from  said  hydraulic  booster  to  said  first  cham- 
ber  through  said  proportioning  valve  exceeds  a 
hydraulic  pressure  in  said  second  chamber. 

9.  A  hydraulic  braking  system  for  an  auto- 
55  motive  vehicle  as  set  forth  in  claim  8,  further  com- 

prising: 
a  bypass  circuit  connecting  a  point  of  said  second 
hydraulic  circuit  between  said  proportioning  valve 
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and  said  first  chamber  of  said  auxiliary  cylinder  to 
said  drain  circuit; 
a  first  changeover  valve  disposed  in  said  bypass 
circuit  and  selectively  placed  in  one  of  a  first 
Dperating  position  for  shutting  off  said  bypass  cir-  5 
:uit  and  communicating  said  third  chamber  of  said 
auxiliary  cylinder  with  said  reservoir  through  said 
drain  circuit,  and  a  second  operating  position  for 
;ommunicating  said  proportioning  valve  with  said 
tiird  chamber  of  said  auxiliary  cylinder  through  w 
said  drain  circuit  and  blocking  the  communication 
Detween  said  third  chamber  of  said  auxiliary  cyl- 
nder  and  said  reservoir;  and 
/alve  means  disposed  in  said  second  hydraulic 
circuit  at  a  point  thereof  between  said  second  75 
;hamber  of  said  auxiliary  cylinder  and  each  of  said 
second  group  of  wheel  brake  cylinders  for  control- 
ing  the  communication  therebetween  and  the  com- 
munication  between  said  second  group  of  wheel 
Drake  cylinders  and  said  reservoir  in  response  to  20 
locking  condition  of  said  road  wheels. 

10.  A  hydraulic  braking  system  for  an  auto- 
motive  vehicle  as  set  forth  in  claim  9,  further  com- 
prising  a  second  changeover  valve  disposed  in 
said  bypass  circuit  at  a  point  thereof  between  said  25 
proportioning  valve  and  said  first  changeover  valve, 
and  connected  to  said  power  source  through  a 
power  circuit,  said  second  changeover  valve  being 
selectively  placed  in  one  of  a  first  operating  posi- 
tion  for  shutting  off  said  power  circuit  and  commu-  so 
nicating  said  proportioning  valve  with  said  first 
changeover  valve,  and  a  second  operating  position 
for  communicating  said  power  source  with  said  first 
changeover  valve  and  blocking  the  communication 
between  said  proportioning  valve  and  said  first  35 
changeover  valve. 
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