
J »  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

0 1 9 2   3 4 6  
B 1  

©  Publication  number: 

(5? EUROPEAN  PATENT  SPECIFICATION 

IntCI/:  B  60  T  1 3 / 1 4  Date  of  publication  of  the  patent  specification: 
14.06.89 

Application  number:  86300476.8 

Date  of  filing:  24.01  .86 

Servo-assisted  master  cylinder  assemblies. 

Proprietor:  LUCAS  INDUSTRIES  public  limited  company, 
Great  King  Street,  Birmingham,  B19  2XF  West  Midlands 
(GB) 

Priority:  29.01.85  GB  8502130 

Date  of  publication  of  application  : 
27.08.86  Bulletin  86/35 

Inventor:  Fair,  Glyn  Phillip  Reginald,  21  The  Hamlet, 
Leek  Wootton  Warwickshire  (GB) 

Publication  of  the  grant  of  the  patent: 
14.06.89  Bulletin  89/24 

Representative:  Lomas,  Geoffrey  Michael  et  al, 
BARKER,  BRETTELL  &  DUNCAN  138  Hagley  Road 
Edgbaston,  Birmingham  B16  9PW  (GB) Designated  Contracting  States: 

DE  FR  IT 

References  cited: 
DE-A-2645602 
FR-A-2208  809 
FR-A-2331468 
FR-A-2402564 

<0 

01 
O) 

Q  Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may  give  notice  to 
-  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall  be  filed  in  a  written  reasoned 

A  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been  paid  (Art.  99(1)  European  patent 
convention). Il l  

ACTORUM  AG 



EP  0  192  346  B1 

sitions  so  that  when  the  primary  circuit  fails  there 
is  little  or  no  extra  pedal  travel,  and  little  or  no  in- 
crease  in  pedal  effort,  because  of  the  reduced 
area.  This  assembly  will  therefore  operate  satis- 
factorily  on  failure  of  the  primary  circuit,  but  has 
the  disadvantages  that  there  is  no  servo  assis- 
tance  at  all  for  the  primary  circuit,  and  thaf'the 
spool  valve  may  not  operate  properly,  because 
there  will  be  a  substantial  amount  of  seal  friction. 

According  to  a  first  aspect  of  our  invention,  in  a 
servo-assisted  master  cylinder  assembly  of  the 
kind  set  forth,  the  primary  and  secondary  pistons 
are  freely  separable  relative  to  each  other  for  a 
maximum  range  of  separation  permitted  by  the 
bore,  and  the  pressure-effective  area  of  the  sec- 
ondary  piston  is  less  than  the  pressure-effective 
area  of  the  primary  piston,  such  that  the  primary 
and  secondary  pistons  are  substantially  in  abut- 
ment  in  their  retracted  positions,  and  the  control 
valve  means  comprises  a  spool  valve  operable 
solely  in  response  to  pressure  in  the  primary 
pressure  space  and  a  bias  force,  the  pressure  in 
the  primary  pressure  space  acting  on  the  spool 
valve  through  a  flexible  sealing  diaphragm. 

The  construction  and  operation  of  the  valve 
means  is  simple,  as  it  comprises  a  spool  valve 
operating  solely  in  response  to  pressure  in  the 
primary  space  and  the  bias  force.  The  use  of  the 
diaphragm  is  also  advantageous,  as  it  both  sep- 
arates  the  master  cylinder  system  from  the  servo 
systems,  and  permits  the  spool  valve  to  move 
without  seal  friction.  The  arrangement  of  the 
servo  chamber  behind  the  primary  piston  ensures 
that  servo  assistance  is  available  for  both  braking 
circuits,  while  the  arrangement  of  the  areas  of  the 
pistons,  as  explained  above,  ensures  that  there  is 
no  extra  pedal  travel  and  effort  involved  in  operat- 
ing  the  secondary  piston  if  the  primary  circuit 
fails.  In  fact,  the  arrangement  of  the  areas  is  pre- 
ferably  such  that  pedal  travel  and  effort  are  sub- 
stantially  the  same  on  failure  of  either  braking 
circuit. 

The  spool  valve  controls  communication  of  the 
servo  chamber  with  an  inlet  for  connection  to  the 
source  of  fluid  pressure,  and  an  outlet  for  connec- 
tion  to  a  reservoir  for  fluid. 

The  spool  valve  conveniently  comprises  a  spool 
working  in  a  bore.  The  pressure  in  the  primary 
pressure  space  acts  on  one  end  of  the  spool,  while 
the  bias  force  acts  on  the  other  end.  The  bias  force 
is  provided  by  the  pressure  in  the  servo  chamber 
and  a  bias  spring. 

Operation  of  the  spool  is  controlled  by  the 
primary  pressure  and  the  bias  force,  but  the 
amount  the  spool  moves  during  operation  de- 
pends  on  the  displacement  profiles  of  the  primary 
piston  and  the  spool.  (The  displacement  profile  is 
determined  by  the  amount  of  fluid  displaced  by 
axial  movement  of  a  member  through  a  given  dis- 
tance).  Preferably,  the  displacement  profile  of  the 
primary  piston  is  greater  than  that  of  the  spool,  so 
that  a  small  movement  of  the  piston  results  in  a  re- 
latively  greater  movement  of  the  spool.  This 
means  that  the  valve  responds  more  quickly  in 
operation,  and  reduces  the  lost-motion  inherent 

Description 

This  invention  relates  to  servo-assisted  master 
cyclinder  assemblies  for  vehicle  hydraulic  braking 
systems  of  the  kind  comprising  a  master  cylinder  5 
having  a  housing  provided  with  a  bore  in  which 
primary  and  secondary  pistons  work,  the  pistons 
being  operative  to  pressurise  respective  primary 
and  secondary  pressure  spaces  defined  in  the 
bore,  outlets  from  each  pressure  space  for  con-  '° 
nection  to  respective  primary  and  secondary  brake 
circuits,  and  a  servo  chamber  defined  in  the  bore 
behind  the  primary  piston;  and  a  control  valve  as- 
sembly  having  valve  means  controlling  pres- 
surisation  of  the  servo  chamber  from  a  source  of  15 
pressure  fluid,  the  valve  means  being  operative  in 
response  to  an  input  force  applied  to  the  master 
cylinderfromapedal. 

A  servo-assisted  master  cylinder  assembly  of 
the  kind  set  forth,  where  the  servo  pressure  is  ap-  20 
plied  directly  to  the  primary  piston,  is  usually  more 
compact  axially  than  a  conventional  assembly  of  a 
separate  master  cylinder  and  booster,  where  the 
servo  pressure  acts  on  the  primary  piston  through 
a  movable  wall  and  an  output  member.  This  can  25 
be  seen  in  GB-A-1  456  205,  which  has  the 
further  advantage  that  the  control  valve  means  is 
normally  operated  in  response  to  the  pressure  in 
one  of  the  braking  circuits,  which  means  that  the 
clearances  in  the  braking  system  are  taken  up  be-  30 
fore  the  valve  means  operates,  so  that  pressure 
from  the  source  is  not  wasted  in  taking  up  the 
clearances.  However,  it  also  has  the  disadvantage 
that  it  is  necessary  to  arrange  the  assembly  to  en- 
sure  that  there  is  adequate  braking  force  available  35 
if  that  circuit  fails.  This  tends  to  make  the  con- 
struction  of  the  valve  means  in  particular,  and  of 
the  assembly  in  general,  more  complex  and  ex- 
pensive  to  produce,  which  may  outweigh  the 
other  advantages.  40 

GB-A-2  004  608  shows  a  similar  type  of  servo- 
assisted  master  cylinder  assembly,  but  in  which 
the  servo  chamber  is  defined  behind  the  second- 
ary  piston,  and  the  valve  means  comprises  a  spool 
operable  in  response  to  pressure  in  the  primary  4$ 
pressure  space  and  a  bias  force.  The  spool  carries 
a  seal  separating  the  primary  space  from  the  servo 
system.  This  provides  a  simple  construction  for 
the  valve  means,  but  means  that  there  is  no  servo 
assistance  for  the  secondary  circuit  if  the  primary  so 
circuit  fails,  which  would  normally  result  in  extra 
pedal  travel  and  increased  pedal  effort.  In  a  master 
cylinder,  travel  of  the  primary  piston  accommo- 
dates  fluid  displacement  in  both  brake  circuits, 
whereas  travel  of  the  secondary  piston  accommo-  55 
dates  displacement  in  only  one  circuit.  Where  the 
pistons  have  the  same  area,  the  primary  piston  tra- 
vels  further  than  the  secondary  piston,  so  there 
must  be  a  substantial  separation  between  them  in 
their  retracted  positions,  causing  the  extra  pedal  60 
travel  and  effort  if  the  primary  circuit  fails.  In  this 
known  assembly/the  area  of  the  secondary  piston 
is  reduced,  so  it  travels  further  to  achieve  a  given 
displacement  in  the  secondary  circuit.  The  pistons 
can  therefore  be  in  abutment  in  their  retracted  po-  65 
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in  valve  operation,  in  comparison  with  a  conven- 
tional  booster.  The  reduction  in  lost-motion  also 
enables  the  spool  to  be  arranged  so  that  there  is 
greater  overlap  between  inlet  and  outlet  ports 
controlled  by  the  spool  when  these  are  both  5 
closed,  thus  reducing  leakage. 

The  construction  and  arrangement  of  the  valve 
means  is  therefore  very  simple.  The  primary  and 
secondary  pistons  may  also  be  arranged  to  ensure 
that  the  assembly  is  compact  axially.  This  can  be  w 
achieved  by  providing  the  primary  piston  with  a 
seal  for  slidable  sealing  engagement  with  the 
bore,  and  arranging  the  secondary  piston  to  work 
through  a  stationary  seal  in  the  housing. 

It  will  be  noted  that  it  is  simple  to  arrange  the  '5 
control  valve  spool  so  that  the  pressure  in  the 
servo  chamber,  the  servo  pressure,  is  substantially 
equal  to  the  pressure  in  the  primary  pressure 
space.  It  is  therefore  convenient  to  use  the  servo 
pressure  to  operate  the  brakes  of  a  vehicle  in  20 
which  the  servo-assisted  master  cylinder  as- 
sembly  is  installed. 

According  to  a  further  aspect  of  our  invention, 
in  a  vehicle  hydraulic  braking  system  incorporat- 
ing  a  servo-assisted  master  cyclinder  assembly  of  25 
the  kind  set  forth  for  operating  the  primary  and 
secondary  brake  circuits,  each  circuit  supplying  at 
least  two  vehicle  brakes,  at  least  one  of  the  brakes 
normally  supplied  by  the  primary  brake  circuit  is 
supplied  from  the  servo  chamber.  30 

This  has  the  advantage  of  reducing  the  pedal 
travel,  as  the  travel  of  the  primary  piston  is  re- 
duced  since  it  does  not  have  to  accommodate  as 
much  fluid  displacement  in  the  primary  brake  cir- 
cuit.  This  arrangement  is  particularly  convenient  35 
when  the  servo  pressure  is  substantially  equal  to 
the  primary  pressure. 

Where  the  primary  circuit  normally  supplies 
only  one  rear  brake,  the  arrangement  is  such  that 
the  servo  chamber  supplies  this  brake.  If  the  pri-  40 
mary  circuit  normally  supplies  both  rear  brakes, 
the  servo  chamber  supplies  one  of  them. 

Some  embodiments  of  our  invention  are  illus- 
trated  in  the  accompanying  drawings,  in  which: 

Figure  1  is  a  longitudinal  section  through  a  ser-  45 
vo-assisted  master  cylinder  assembly; 

Figure  2  is  a  view  similar  to  Figure  1  ,  but  show- 
ing  a  modification; 

Figure  3  is  a  scheme  of  a  vehicle  hydraulic  brak- 
ing  system;  and  50 

Figure  4  is  a  further  scheme  of  a  vehicle  hydrau- 
lic  braking  system. 

Figure  1  shows  a  servo-assisted  master  cylinder 
assembly  1  for  a  vehicle  hydraulic  braking  system. 
The  assembly  1  has  a  housing  2  with  a  longitudi-  55 
nal  stepped  bore  3  in  which  the  master  cylinder  4 
is  housed.  A  primary  piston  5  and  secondary  pis- 
ton  6  of  the  master  cylinder  work  in  tandem  in  the 
bore  3.  The  pistons  are  operative  to  pressurise  re- 
spective  primary  and  secondary  pressure  spaces  60 
7,  8  defined  in  the  bore  3,  and  outlets  9,  10  lead 
from  the  primary  and  secondary  pressure  spaces 
to  respective  primary  and  secondary  brake  circuits 
(not  shown).  A  servo  chamber  1  1  is  also  defined 
in  the  bore  3  behind  the  primary  piston  5.  The  65 

housing  2  has  a  transverse  stepped  bore  12  in 
which  is  located  control  valve  means  13,  which 
controls  pressurisation  of  the  servo  chamber  11, 
in  response  to  an  input  force  applied  to  the  pri- 
mary  piston  5  from  a  pedal  (not  shown). 

The  primary  piston  5  is  of  stepped  outline,  and 
is  located  at  the  rearward  end  of  the  bore  3.  The 
piston  5  has  a  rearward  portion  14  which  works 
through  a  seal  1  5  located  in  the  bore  3  by  an  as- 
sembly  1  6.  The  seal  1  5  forms  the  rearward  seal  for 
the  servo  chamber  12,  the  forward  seal  17  of 
which  is  carried  by  the  primary  piston  5.  At  its  for- 
ward  end  the  primary  piston  5  is  of  reduced  dia- 
meter,  and  carries  a  seal  18,  which  is  retained  on 
the  piston  by  a  clip  1  9  held  by  a  stud  20.  A  radial 
recuperation  port  21  in  the  housing  provides 
communication  between  the  primary  pressure 
space  7  and  a  brake  fluid  reservoir  (not  shown), 
this  communication  being  controlled  by  cooper- 
ation  of  the  seal  1  8  with  the  port  21  .  An  annular 
chamber  22  defined  in  the  bore  3  round  the  pri- 
mary  piston  5  and  between  the  seals  1  7  and  1  8  is 
permanently  connected  to  the  brake  fluid  reser- 
voir. 

The  secondary  piston  6  works  in  the  forward 
end  of  the  bore  3,  and  is  freely  separable  relative 
to  the  primary  piston  5.  It  has  a  smaller  pressure- 
effective  area  than  the  primary  piston  5,  as  it  is  of 
reduced  diameter.  The  areas  are  so  arranged  that 
the  travel  of  the  secondary  piston  6  during  brak- 
ing  is  substantially  equal  to  the  travel  of  the  pri- 
mary  piston  5.  In  the  retracted  position  shown, 
they  are  therefore  in  abutment.  This  enables  a  sin- 
gle  master  cylinder  return  spring  23  to  be  used, 
which  acts  between  the  closed  forward  end  24  of 
the  bore  3,  and  the  secondary  piston  6,  with  part 
of  the  spring  23  accommodated  in  a  recess  25  in 
the  forward  end  of  the  piston  6.  The  secondary 
piston  6  works  through  an  assembly  26  located  in 
the  bore  3.  This  assembly  has  two  seals  27,  28, 
between  which  is  a  member  29  having  the  re- 
cuperation  port  30  for  the  secondary  pressure 
space  8.  The  first  seal  27  forms  a  seal  for  the  for- 
ward  end  of  the  primary  pressure  space  6.  The 
second  seal  28  co-operates  with  a  radial  passage 
31  in  the  secondary  piston  6  to  control  communi- 
cation  between  the  recuperation  port  30  and  the 
secondary  pressure  space  8.  Retaining  clips  32, 
33  hold  the  assembly  26  in  the  bore  3. 

The  control  valve  means  1  3  controls  pressurisa- 
tion  of  the  servo  chamber  1  1  by  controlling  its 
communication  with  an  inlet  37  connected  to  a 
source  of  pressurised  hydraulic  fluid  (not  shown) 
or  an  outlet  38  connected  to  a  reservoir  for  hy- 
draulic  fluid  (not  shown).  It  comprises  a  spool  34 
sliding  in  a  sleeve  35  located  in  the  bore  1  2  by  a 
plug  36  at  the  outer  end  of  the  bore  1  2.  The  spool 
34  has  lands  39,  40  controlling  flow  through  re- 
spective  radial  inlet  and  outlet  ports  41  ,  42  in  the 
sleeve  35  leading  to  the  inlet  37  and  outlet  38.  A 
chamber  45  is  defined  in  the  sleeve  35  round  a 
central  portion  of  the  spool  34  which  is  of  re- 
duced  diameter,  and  this  chamber  is  connected  to 
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the  servo  chamber  1  1  through  a  radial  port  46  in 
the  sleeve  35,  and  an  inclined  passage  47  in  the 
housing. 

Radial  and  axial  passages  48,  49  respectively  in 
the  spool  34  lead  from  the  chamber  45  to  a  bias  5 
chamber  50  defined  in  the  plug  36,  pressure  in  the 
bias  chamber  acting  to  urge  the  spool  34  in- 
wardly.  A  light  bias  spring  51  acts  between  the 
plug  36  and  a  circlip  52  on  the  spool  34  also  to 
bias  the  spool  34  inwardly.  A  control  chamber  53  10 
is  defined  at  the  inner  end  of  the  bore  1  2,  the 
chamber  53  is  defined  at  the  inner  end  of  the  bore 
12,  the  chamber  53  being  in  communication  with 
the  primary  pressure  space  6.  Pressure  in  the 
chamber  53  acts  on  the  inner  end  of  the  spool  34  is 
through  a  flexible  sealing  diaphragm  54.  The 
diaphragm  54  is  located  by  the  sleeve  35,  and 
provides  a  seal  between  the  master  cylinder  and 
the  valve  means,  without  any  seal  friction  on  the 
spool  34  as  it  moves.  In  fact  the  diaphragm  54  20 
provides  a  particularly  effective  seal  between  the 
master  cylinder  and  servo  systems,  which  is  nec- 
essary  as  the  fluid  in  the  servo  system  may  contain 
air  bubbles  which  would  adversely  affect  oper- 
ation  of  the  primary  brake  circuit.  25 

Operation  of  the  spool  34  is  therefore  con- 
trolled  by  the  primary  pressure  acting  in  the  con- 
trol  chamber  53  and  a  bias  force  provided  by  the 
pressure  in  the  bias  chamber  50  and  the  bias 
spring  51  .  The  amount  of  movement  of  the  spool  30 
34  during  operation  is  determined  by  the  dis- 
placement  profiles  of  the  primary  piston  5  and  the 
spool  34,  that  is,  the  amount  of  fluid  displaced  by 
axial  movement  of  these  members  through  a 
given  distance.  In  this  case  the  displacement  pro-  35 
file  of  the  piston  5  is  about  five  times  greater  than 
that  of  the  spool  34,  so  0.2  mm  movement  of  the 
piston  5  results  in  1  mm  of  movement  of  the  spool 
34.  This  improves  the  response  time  of  the  valve, 
and  reduces  the  lost-motion  inherent  in  valve  40 
operation.  The  reduction  in  lost-motion  also 
means  that  there  can  be  a  greater  overlap  between 
the  inlet  and  outlet  ports  41,  42  when  they  are 
both  closed  by  the  spool  34,  which  reduces  the 
leakage  past  the  spool  34,  making  the  valve  45 
means  more  efficient. 

In  the  inoperative  position  shown,  all  the  parts 
are  in  their  retracted  positions,  with  the  primary 
and  secondary  pressure  spaces  7,  8  connected  to 
the  brake  fluid  reservoir,  and  the  servo  chamber  50 
1  1  connected  to  the  hydraulic  fluid  reservoir. 

Application  of  an  input  force  from  the  pedal  to 
the  primary  piston  5  moves  the  primary  and  sec- 
ondary  pistons  5,  6  against  the  force  in  the  spring 
23.  This  movement  firstly  closes  the  respective  55 
recuperation  ports,  and  then  takes  up  the  clear- 
ances  in  the  braking  system.  Once  the  clearances 
are  taken  up,  the  pressure  in  the  pressure  spaces 
7,  8  increases  and  starts  pressurisation  of  the 
brake  circuits.  The  pistons  5,  6  move  substantially  60 
together  during  this.  When  the  primary  pressure, 
which  is  also  present  in  control  chamber  53,  pro- 
duces  a  force  on  the  spool  34  sufficient  to  over- 
come  the  force  in  the  spring  51,  the  spool  34 
moves  outwardly.  This  closes  the  outlet  port  42,  6S 

cutting  off  the  chamber  45  from  the  outlet  38,  and 
then  opens  the  inlet  port  41,  allowing  high  pres- 
sure  fluid  to  flow  from  the  inlet  37  to  the  chamber 
45,  and  thence  to  the  servo  chamber  1  1  ,  where  it 
acts  on  the  primary  piston  5  to  augment  the 
master  cylinder  output.  Servo  pressure  in  the 
servo  chamber  11  is  also  present  in  the  bias 
chamber  50,  where  it  acts  in  opposition  to  the 
control  pressure  in  the  chamber  53.  Once  the 
servo  pressure  is  substantially  equal  to  control 
pressure,  it  moves  the  spool  34  into  its  balanced 
position,  with  both  the  inlet  and  outlet  ports  41  , 
42  closed. 

When  the  input  force  is  removed,  the  pressure 
in  the  spaces  7,  8  is  reduced,  which  allows  the  re- 
turn  spring  23  to  return  the  master  cylinder  parts 
to  their  retracted  positions.  Reduction  of  primary 
pressure  also  enables  the  spool  34  to  move  out- 
wardly,  to  re-open  fluid  communication  between 
the  servo  chamber  1  1  and  the  hydraulic  fluid  res- 
ervoir. 

If  the  servo  pressure  fails,  the  master  cylinder  4 
can  simply  be  operated  manually. 

If  the  pressure  in  the  primary  pressure  space 
rails,  the  valve  means  13  is  of  course  unable  to 
operate,  so  that  servo  assistance  is  lost.  However, 
the  secondary  brake  circuit  can  be  applied  rela- 
tively  easily.  As  there  is  no  clearance  to  take  up 
between  the  pistons  5,  6  the  input  force  is  applied 
immediately  to  the  secondary  piston  through  the 
primary  piston,  so  there  is  no  extra  pedal  travel. 
Further,  the  reduced  diameter  of  the  secondary 
piston  6  means  that  relatively  less  pedal  effort  is 
required  to  produce  a  given  braking  force. 

If  the  pressure  in  the  secondary  brake  circuit 
fails,  the  pistons  5,  6  move  until  the  secondary 
piston  6  abuts  the  end  24  of  the  bore  3  (in  this  si- 
tuation  it  will  separate  from  the  primary  piston  5, 
due  to  the  difference  in  their  areas),  and  then  the 
primary  piston  5  can  operate  to  pressurise  the 
primary  space  7,  with  servo  assistance,  as  usual. 
In  fact,  in  these  two  cases  of  failure,  the  pedal  tra- 
vel  and  effort  required  are  substantially  the  same. 

Operation  of  this  servo-assisted  master  cylinder 
assembly  is  therefore  very  similar  to  a  conventio- 
nal  master  cylinder  with  separate  servo,  but  it  has 
several  advantages  over  a  conventional  arrange- 
ment.  It  is  much  simpler  and  more  compact 
axially,  and  the  valve  means  operates  more 
quickly,  and  with  less  lost-motion.  Further,  the 
clearances  in  the  system  are  taken  up  before  the 
valve  means  operates,  so  that  pressure  from  the 
source  is  not  wasted  in  taking  up  these  clear- 
ances. 

Figure  2  shows  a  modification  of  the  assembly 
of  Figure  1  .  In  Figure  2  the  control  valve  means  1  3 
is  housed  in  a  longitudinal  bore  59,  which  sim- 
plifies  production  of  the  housing  2.  The  construc- 
tion  of  the  spool  34  is  slightly  different,  in  that  the 
circlip  52  is  replaced  by  a  top  hat  member  60,  and 
the  chamber  45  is  omitted,  with  the  passage  47 
connecting  the  servo  chamber  1  1  directly  to  the 
bias  chamber  50.  The  bias  chamber  50  communi- 
cates  with  the  outlet  38  through  an  axial  passage 
61  and  radial  port  62  in  the  spool  34  and  the  out- 
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let  port  42,  and  with  the  inlet  37  through  a  radial 
port  63  in  the  sleeve  35,  annulus  64  on  the  spool 
34  and  inlet  port  41.  The  control  chamber  53 
communicates  with  the  pressure  space  6  through 
an  inclined  passage  65.  5 

A  further  modification  is  that  the  housing  2  is  in 
two  parts  66,  67  for  ease  of  manufacture.  The 
rearward  part  66  houses  the  primary  pressure 
space  7,  while  the  forward  part  67  houses  the 
secondary  space  8.  This  makes  it  easier  to  assem-  10 
ble  the  assembly  26  in  the  bore  3.  The  assembly 
26  is  also  modified,  with  a  modified  member  29, 
which  is  retained  not  by  clips  32,  3  but  by  a 
further  member  68  and  circlip  69. 

The  construction  and  operation  of  the  assembly  1S 
of  Figure  2  is  otherwise  the  same  as  that  of  Figure 
1,  and  corresponding  reference  numerals  have 
been  applied  to  corresponding  parts. 

It  will  be  noted  that  in  the  embodiments  shown, 
the  servo  pressure  is  substantially  equal  to  the  20 
pressure  in  the  primary  pressure  space  7.  It  is 
therefore  possible  to  use  the  servo  pressure  to 
operate  the  brakes,  which  can  have  the  advan- 
tageous  effect  of  reducing  the  pedal  travel.  Thus  if 
servo  pressure  is  supplied  to  one  of  the  brakes  of  25 
the  primary  circuit,  instead  of  pressure  from  the 
primary  space  7,  the  travel  of  the  primary  piston  5 
does  not  have  to  accommodate  as  much  fluid  dis- 
placement  in  the  primary  circuit,  so  its  travel,  and 
thus  the  pedal  travel  can  be  reduced.  30 

Figures  3  and  4  show  braking  systems  where 
this  principle  is  used.  In  Figure  3  a  vehicle  hy- 
draulic  braking  system  is  shown,  incorporating 
the  servo-assisted  master  cylinder  assembly  of 
Figure  1,  for  operating  primary  and  secondary  35 
braking  circuits.  The  pressure  source  for  the  servo 
is  an  accumulator  71  supplied  by  a  pump  70.  Four 
vehicle  brakes  72,  73,  74,  75  are  shown  (72  and 
73  being  front  brakes).  One  front  brake  73  and 
the  diagonally  opposite  rear  brake  74  are  supplied  40 
by  the  secondary  pressure  space.  Normally  the 
other  two  brakes  72,  75  would  be  supplied  by  the 
primary  pressure  space.  However,  in  this  case 
only  the  front  brake  72  is  supplied  by  this  primary 
pressure  space,  the  rear  brake  75  being  supplied  45 
from  the  servo  chamber. 

Figure  4  shows  the  same  components  as  Figure 
3,  but  with  the  braking  circuits  arranged  differ- 
ently.  Here  the  front  brakes  72,  73  are  supplied 
from  the  secondary  pressure  space,  and  one  rear  50 
brake  74  is  supplied  from  the  primary  pressure 
space,  while  the  other  is  supplied  from  the  servo 
chamber. 

Claims  55 
1  .  A  servo-  assisted  master  cylinder  assembly  for 

a  vehicle  hydraulic  braking  system  comprising  a 
master  cylinder  having  a  housing  (2)  provided 
with  a  bore  (3)  in  which  primary  and  secondary 
pistons  (5,  6)  work,  the  pistons  being  operative  to  60 
pressurise  respective  primary  and  secondary 
pressure  spaces  (7,  8)  defined  in  the  bore,  an  out- 
let  (9,  10)  from  each  pressure  space  for  connec- 
tion  to  respective  primary  and  secondary  brake 
circuits,  and  a  servo  chamber  (1  1  )  defined  in  the  65 

bore  (3)  behind  the  primary  piston  (5);  and  a 
control  valve  assembly  having  valve  means  (13) 
controlling  pressurisation  of  the  servo  chamber 
(1  1  )  from  a  source  of  pressure  fluid,  the  valve 
means  (13)  being  operative  in  response  to  an  in- 
put  force  applied  to  the  master  cylinder  from  a  pe- 
dal,  characterised  in  that  the  primary  and  second- 
ary  pistons  (5,  6)  are  freely  separable  relative  to 
each  other  for  a  maximum  range  of  separation 
permitted  by  the  bore  (3),  and  the  pressure-effec- 
tive  area  of  the  secondary  piston  (6)  is  less  than 
the  pressure-effective  area  of  the  primary  piston 
(5),  such  that  the  primary  and  secondary  pistons 
(5,  6)  are  substantially  in  abutment  in  their  re- 
tracted  positions,  and  the  control  valve  means 
(1  3)  comprises  a  spool  valve  (34)  operable  solely 
in  response  to  pressure  in  9  the  primary  pressure 
space  (7)  and  a  bias  force,  the  pressure  in  the 
primary  pressure  space  (7)  acting  on  the  spool 
valve  (34)  through  a  flexible  sealing  diaphragm 
(54). 

2.  A  servo-assisted  master  cylinder  assembly 
according  to  claim  1,  in  which  the  spool  valve 
(34)  controls  communication  of  the  servo 
chamber  (1  1  )  with  an  inlet  (37)  for  connection  to 
the  source  of  fluid  pressure,  and  an  outlet  (38)  for 
connection  to  a  reservoir  for  fluid. 

3.  A  servo-assisted  master  cylinder  assembly 
according  to  claim  1  or  claim  2,  in  which  the 
spool  valve  comprises  a  spool  (34)  working  in  a 
bore  (12). 

4.  A  servo-assisted  master  cylinder  assembly 
according  to  claim  3,  in  which  the  pressure  in  the 
primary  pressure  space  (7)  acts  on  one  end  of  the 
spool  (34),  and  the  bias  force  acts  on  the  other 
end. 

5.  A  servo-assisted  master  cylinder  assembly 
according  to  any  preceding  claim,  in  which  the 
bias  force  is  provided  by  the  pressure  in  the  servo 
chamber  (1  1  )  and  a  bias  spring  (51  ). 

6.  A  servo-assisted  master  cylinder  assembly 
according  to  any  of  claims  3  to  5,  in  which  the 
displacement  profile  of  the  primary  piston  (5)  is 
substantially  greater  than  that  of  the  spool  (34)  . 

7.  A  servo-assisted  master  cylinder  assembly 
according  to  any  preceding  claim,  in  which  the 
primary  piston  (5)  carries  a  seal  (8)  for  slidable 
sealing  engagement  with  the  bore  (3),  and  the 
secondary  piston  (6)  works  through  a  stationary 
seal  assembly  (26)  in  the  housing  (2). 

8.  A  vehicle  hydraulic  braking  system  having 
primary  and  secondary  brake  circuits,  each  circuit 
supplying  at  least  two  vehicle  brakes  (72,  73,  74, 
75),  and  incorporating  a  servo-assisted  master 
cylinder  assembly  (1)  for  operating  the  circuits, 
the  assembly  (1)  comprising  a  master  cylinder 
with  a  housing  (2)  provided  with  a  bore  (3)  in 
which  primary  and  secondary  pistons  (5,  6)  work, 
the  pistons  being  operative  to  pressure  primary 
and  secondary  pressure  spaces  (7,  8)  defined  in 
the  bore,  an  outlet  (9)  or  (10)  from  each  pressure 
space  for  connection  to  the  respective  primary 
and  secondary  brake  circuits,  and  a  servo  chamber 
(11)  defined  in  the  bore  (3)  behind  the  primary 
piston  (5),  the  master  cylinder  also  including 
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control  valve  means  (1  3)  operative  in  response  to 
an  input  force  applied  to  the  master  cylinder  from 
a  pedal  to  control  pressurisation  of  the  servo 
chamber  (1  1  )  from  a  source  of  pressure  fluid  (71  ) 
incorporated  in  the  system,  characterised  in  that  s 
at  least  one  of  the  brakes  normally  supplied  by  the 
primary  brake  circuit  is  supplied  from  the  servo 
chamber  (11). 

9.  A  vehicle  hydraulic  braking  system  according 
to  claim  8,  in  which,  where  the  primary  circuit  w 
normally  supplies  at  least  one  rear  brake,  the  servo 
chamber  (1  1  )  supplies  a  rear  brake. 

Pa ten tanspruche  
1.  Servohauptbremszylinder  fiir  ein  hydrauli-  15 

sches  Bremssystem  eines  Fahrzeugs  mit  einem 
Hauptzylinder,  welcher  ein  Gehause  (2)  umfasst, 
das  mit  einer  Bohrung  (3)  versehen  ist,  in  welcher 
ein  Primar-  und  ein  Sekundarkolben  (5,  6)  arbei- 
ten,  wobei  die  Kolben  betatigbar  sind,  urn  jeweils  20 
einen  Primar-  und  einen  Sekundardruckraum  (7, 
8),  welche  in  der  Bohrung  ausgebildet  sind,  mit 
Druck  zu  beaufschlagen,  einem  Auslass  (9,  10) 
von  jedem  Druckraum  zur  Verbindung  mitjeweili- 
gen  Primar-  und  Sekundar-Bremskreisen,  und  ei-  25 
ner  Servokammer  (11),  welche  in  der  Bohrung 
(3)  hinter  dem  Primarkolben  (5)  ausgebildet  ist; 
und  mit  einer  Steuerventilanordnung  mit  Ventil- 
einrichtungen  (1  3),  welche  die  Druckbeaufschla- 
gung  der  Servokammer  (1  1  )  von  einer  Druck-  30 
fluidversorgung  steuern,  wobei  die  Ventil- 
einrichtung  (13)  in  Abhangigkeit  von  einer  Ein- 
gangskraft,  welche  auf  den  Hauptzylinder  uber 
ein  Pedal  aufgebracht  wird,  betatigbar  ist,  da- 
durch  gekennzeichnet,  dass  der  Primar-  und  der  35 
Sekundarkolben  (5,  6)  frei  relativzueinander  uber 
einen  maximalen  Trennbereich,  welcher  durch  die 
Bohrung  (3)  vorgegeben  ist,  trennbar  sind,  und 
dass  der  druckwirksame  Bereich  des  Sekundar- 
kolbens  (6)  kleiner  ist  als  der  druckwirksame  Be-  to 
reich  des  Primarkolbens  (5),  so  dass  der  Primar- 
und  der  Sekundarkolben  (5,  6)  in  ihren  zuriickge- 
zogenen  Stellungen  aneinanderstossen  und  dass 
die  Steuereinrichtung  (13)  ein  Steuerventil  (34) 
umfasst,  welches  nur  in  Abhangigkeit  von  dem  45 
Druck  in  dem  Primardruckraum  (7)  betatigbar  ist, 
sowie  in  Abhangigkeit  von  einer  Vorspannkraft, 
wobei  der  Druck  in  dem  Primardruckraum  (7) 
uber  eine  flexible  Dichtmembrane  (54)  auf  das 
Steuerventil  (34)  wirkt.  50 

2.  Servohauptbremszylinder  nach  Anspruch  1, 
bei  welchem  das  Steuerventil  (34)  eine  Verbin- 
dung  der  Servokammer  (11)  mit  einem  Einlass 
(37)  zur  Verbindung  mit  einer  Druckfluidversor- 
gung  steuert,  sowie  einem  Auslass  (38)  zur  Ver-  55 
bindung  mit  einem  Fluidreservoir. 

3.  Servohauptbremszylinder  nach  Anspruch  1 
oder  2,  bei  welchem  das  Steuerventil  eine  in  einer 
Bohrung  (12)  wirkendeSpule  (34)  umfasst. 

4.  Servohauptbremszylinder  nach  Anspruch  3,  so 
bei  welchem  der  Druck  in  dem  Primardruckraum 
(7)  auf  ein  Ende  der  Spule  (34)  und  die  Vor- 
spannkraft  auf  deren  anderes  Ende  wirken. 

5.  Servohauptbremszylinder  nach  einem  der 
vorhergehenden  Anspruche,  bei  welchem  die  65 

Vorspannkraft  durch  den  Druck  in  der  Servokam- 
mer  (11)  und  eine  Vorspannfeder  (51)  aufge- 
bracht  wird. 

6.  Servohauptbremszylinder  nach  einem  der 
Anspruche  3  bis  5,  bei  welchem  das  Verdran- 
gungsprofil  des  Primarkolbens  (5)  wesentlich 
grosser  ist  als  das  in  der  Spule  (34). 

7.  Servohauptbremszylinder  nach  einem  der 
vorhergehenden  Anspruche,  bei  welchem  der  Pri- 
markolben  (5)  eine  Dichtung  (8)  zum  verschieb- 
baren  Dichtungseingriff  mitder  Bohrung  (3)  um- 
fasst  und  der  Sekundarkolben  (6)  durch  eine  sta- 
tionare  Dichtungsanordnung  (26)  in  dem  Ge- 
hause  (2)  arbeitet. 

8.  Hydraulisches  Bremssystem  fur  ein  Fahrzeug 
mit  Primar-  und  Sekundar-Bremskreisen,  wobei 
jeder  Bremskreis  zumindest  Fahrzeugbremsen 
(72,  73,  74,  75)  versorgt,  und  einer  servounter- 
stutzten  Hauptzylindereinrichtung  (1)  zur  Betati- 
gung  der  Bremskreise,  wobei  die  Einrichtung  (1  ) 
einen  Hauptbremszylinder  mit  einem  Gehause 
(2),  welches  mit  einer  Bohrung  (3)  versehen  ist, 
umfasst,  in  welcher  Primar-  und  Sekundarkolben 
(5,  6)  arbeiten,  wobei  die  Kolben  zur  Druckbeauf- 
schlagung  primarer  und  sekundarer  Druckraume 
(7,  8),  welche  in  der  Bohrung  ausgebildet  sind, 
betatigbar  sind,  einem  Auslass  (9)  oder  (10)  von 
jedem  Druckraum  zur  Verbindung  mit  den  jeweili- 
gen  Primar-  und  Sekundar-Bremskreisen  und  ei- 
ner  Servokammer  (11),  welche  in  der  Bohrung 
(3)  hinter  dem  Primarkolben  (5)  ausgebildet  ist, 
wobei  der  Hauptbremszylinder  weiterhin  eine 
Steuerventileinrichtung  (13)  umfasst,  welche  in 
Abhangigkeit  zu  einer  Eingangskraft,  welche  von 
einem  Pedal  auf  den  Hauptbremszylinder  aufge- 
bracht  wurde,  betatigbar  ist,  um  eine  Druckbeauf- 
schlagung  der  Servokammer  (11)  von  einer 
Druckfluidversorgung  (71  )  zu  steuern,  welche  in 
dem  System  vorgesehen  ist,  dadurch  gekenn- 
zeichnet,  dass  zumindest  eine  der  Bremsen,  wel- 
che  normalerweise  durch  den  Primarebremskreis 
versorgt  wird,  von  der  Servokammer  (1  1  )  druck- 
beaufschlagt  wird. 

9.  Hydraulisches  Bremssystem  nach  Anspruch 
8,  bei  welchem,  bei  normaler  Betatigung  zumin- 
dest  einer  hinteren  Bremse  durch  den  Primar- 
bremskreis,  die  Servokammer  zur  Druckversor- 
gung  einer  hinteren  Bremse  dient. 

Revendications 
1  .  Un  ensemble  de  mattre-cylindre  servo-as 

siste  pour  un  systeme  de  freinage  hydraulique  de 
vehicule,  comprenant  un  maitre  cylindre  compor- 
tant  un  carter  (2)  pourvu  d'un  alesage  (3)  dans 
lequel  coulissent  des  pistons  primaires  et  secon- 
daires  (5,  6),  les  pistons  agissant  de  facon  a  met- 
tre  en  pression  des  espaces  de  pression  primaire  et 
secondaire  respectifs  (7,  8)  definis  dans  I'alesage, 
une  sortie  (9,  10)  de  chaque  espace  de  pression 
pour  une  liaison  avec  des  circuits  de  freinage  pri- 
maire  et  secondaire  respectifs,  et  une  servo- 
chambre  (1  1  )  definie  dans  I'alesage  (3)  en  arriere 
du  piston  primaire  (5);  ainsi  qu'un  ensemble  for- 
mant  distributeur  de  commande  et  comportant  un 
moyen  distributeur  (13)  commandant  la  mise  en 

6 
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siste  selon  une  quelconque  des  revendications  3  a 
5,  dans  lequel  le  profil  de  deplacement  fluidique 
du  piston  primaire  (5)  est  sensiblement  plus 
grand  que  celui  du  tiroir  (34). 

s  7.  Un  ensemble  de  maTtre-cylindre  servo-as- 
siste  selon  une  quelconque  des  revendications 
precedentes,  dans  lequel  le  piston  primaire  (5) 
porte  un  joint  (8)  pour  entrer  en  contact  etanche 
de  glissement  avec  I'alesage  (3)  et  le  piston  se- 

'0  condaire  (6)  se  deplace  au  travers  d'un  ensemble 
a  joint  stationnaire  (26)  dans  le  carter  (2)  . 

8.  Un  systeme  de  freinage  hydraulique  de  vehi- 
cule  comportant  des  circuits  de  freinage  primaire 
et  secondaire,  chaque  cirquit  alimentant  au  moins 

is  deux  freins  (72,  73,  74,  75)  du  vehicule,  et  com- 
portant  un  ensemble  de  maTtre-cylindre  servo-as- 
siste  (1  )  pour  actionner  les  circuits,  I'ensemble 
(1)  comprenant  un  maTtre-cylindre  pourvu  d'un 
carter  (2)  comportant  un  alesage  (3)  dans  lequel 

20  coulissent  des  pistons  primaire  et  secondaire  (5, 
6),  les  pistons  agissant  de  fagon  a  mettre  en  pres- 
sion  des  espaces  de  pression  primaire  et  secon- 
daire  (7,  8)  definis  dans  I'alesage,  une  sortie  (9) 
ou  (10)  de  chaque  espace  de  pression  pour  eta- 

25  blir  une  liaison  avec  les  circuits  de  freinage  pri- 
maire  et  secondaire  respectifs,  et  une  servo- 
chambre  (1  1  )  definie  dans  I'alesage  (3)  en  arriere 
du  piston  primaire  (5),  le  maTtre-cylindre  compor- 
tant  egalement  un  moyen  formant  distributeur  de 

30  commande  (13),  agissant  en  reponse  a  une  force 
d'entree  appliquee  au  maTtre-cylindre  a  partir 
d'une  pedale  pour  commander  la  mise  en  pression 
de  la  servo-chambre  (1  1  )  a  partir  d'une  source  de 
fluide  sous  pression  (71)  incorporee  au  systeme, 

35  caracterise  en  ce  qu'au  moins  un  des  freins  nor- 
malement  alimentes  par  le  circuit  de  freinage  pri- 
maire  est  alimente  a  partir  de  la  servo-chambre 
(11). 

9.  Un  systeme  de  freinage  hydraulique  de  vehi- 
40  cule  selon  la  revendication  8,  dans  lequel,  lorsque 

le  circuit  primaire  alimente  normalement  au  moins 
un  frein  arriere,  la  servo-chambre  (11)  alimente 
unfrein  arriere. 

pression  de  la  servo-chambre  (1  1  )  a  partir  d'une 
source  de  fluide  sous  pression,  le  moyen  distru- 
buteur  (1  3)  agissant  en  reponse  a  une  force  d'en- 
tree  appliquee  au  maTtre-cylindre  a  partir  d'une 
pedale,  caracterise  en  ce  que  les  pistons  primaire 
et  secondaire  (5,  6)  sont  librement  separables  I'un 
de  I'autre  dans  une  plage  maximale  de  separation 
permise  par  I'alesage  (3),  et  en  ce  que  la  section 
utile  de  sollicitation  en  pression  du  piston  secon- 
daire  (6)  est  inferieure  a  la  section  utilede  sollici- 
tation  en  pression  du  piston  primaire  (5),  de  sorte 
que  les  pistons  primaire  et  secondaire  (5,  6)  sont 
sensiblement  en  butee  dans  leurs  positions  re- 
tractees,  et  le  moyen  formant  distributeur  de  com- 
mande  comprend  un  distributeur  a  tiroir  (34) 
pouvant  operer  uniquement  en  reponse  a  une 
pression  dans  I'espace  de  pression  primaire  (7)  et 
a  une  force  de  poussee,  la  pression  dans  I'espace 
de  pression  primaire  (7)  agissant  sur  le  distribu- 
teur  a  tiroir  (34)  par  I'intermediaire  d'un  dia- 
phragme  flexible  d'etancheite  (54). 

2.  Un  ensemble  de  maTtre-cylindre  servo-as- 
siste  selon  la  revendication  1  ,  dans  lequel  le  distri- 
buteur  a  tiroir  (34)  commande  la  communication 
de  la  servo-chambre  (11)  avec  une  entree  (37) 
pour  une  liaison  avec  la  source  de  pression  fluidi- 
que,  et  avec  une  sortie  (38)  pour  une  liaison  avec 
un  reservoir  de  fluide. 

3.  Un  ensemble  de  maitre-cylindre  servo-as- 
siste  selon  la  revendication  1  ou  la  revendication 
2,  dans  lequel  le  distributeur  a  tiroir  comprend  un 
tiroir  (34)  operantdansun  alesage  (12). 

4.  Un  ensemble  de  maftre-cylindre  servo-as- 
siste  selon  la  revendication  3,  dans  lequel  la  pres- 
sion  dans  I'espace  de  pression  primaire  (7)  agit 
sur  une  extremite  du  tiroir  (34)  et  la  porte  de 
poussee  agit  sur  I'autre  extremite. 

5.  Un  ensemble  de  maTtre-cylindre  servo-as- 
siste  selon  une  quelconque  des  revendications 
precedentes,  dans  lequel  la  force  de  poussee  est 
produite  par  la  pression  dans  la  servo-cham- 
bre(11)  etpar  un  ressortde  poussee  (51). 

6.  Un  ensemble  de  maitre-cylindre  servo-as- 
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