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©  Dispositif  d'assistance  hydraulique. 

  Hydraulic  assistance  device  comprising  a  body - 
(10)  comprising  a  bore  (12)  in  which  a  first  piston 
means  and  a  second  piston  means  (18,20)  are  sli- 
deably  mounted  the  first  piston  means  (18)  being 
movable  under  the  effect  of  the  actuation  of  a  third 
piston  (16)  slideably  mounted  in  the  body  (10),  and 
the  second  piston  means  (20)  being  movable  by  the 
intermediary  of  a  hydrostatic  connection  formed  in  a 
pressure  chamber  22  defined  between  the  first  and 
the  second  piston  means  (18,20),  a  respective  valve 
means  (60,100)  being  associated  with  each  piston 
means  (18,20)  in  a  respective  hydraulic  circuit  bet- 
ween  a  source  of  fluid  under  pressure  (52,96)  and  a 
respective  braking  circuit  (74,110);  and  a  third  cham- 
ber  (36)  defined  in  the  bore  (12)  between  the  first 
piston  means  (18)  and  the  third  piston  (16),  the  said 
third  chamber  (36)  being  connected  to  a  low  pressu- 
re  reservoir  (25)  through  a  passage  in  which  a  valve 
means  (42)  is  mounted,  characterised  in  that  the 
device  incorporates  a  second  valve  means  (112)  in  a 
second  passage  (130,132)  between  the  third  cham- 
ber  (36)  and  the  reservoir  (25),  the  second  valve 

means  (112)  being  sensitive  to  the  pressure  of  the 
corresponding  source  of  pressure  (52)  so  that  upon 
failure  of  this  high  pressure  source,  the  second  valve 
means  (112)  closes  so  as  to  isolate  the  third  cham- 
ber  (36)  from  the  reservoir  (25). 





The  present  invention  relates  to  a  hydraulic 
assistance  device  and  more  particularly  to  such  a 
device  for  a  dual  braking  circuit  with  mixed  hydro- 
dynamic  (known  as  "full  power")  and  hydrostatic 
operation. 

A  hydraulic  assistance  device  for  a  dual  bra- 
king  circuit  is  described  in  French  Patent  Appli- 
cation  84-01439  and  is  of  the  "full  power"  type 
which  is  capable  of  operating  as  a  conventional 
master  cylinder,  in  a  hydrostatic  mode,  in  the  case 
of  failure  of  the  high  pressure  supply  circuit.  This 
device  comprises  two  pistons  which  are  slideably 
mounted  in  a  common  bore  and  which  are  each 
associated  with  a  respective  braking  circuit.  One 
piston  is  moveable  by  a  brake  pedal  and  a  hydros- 
tatic  connection  between  the  two  pistons  causes 
movement  of  the  second  piston.  Each  piston  com- 
prises  a  valve  means  which,  when  the  device  is 
operated,  puts  a  respective  source  of  high  pressure 
fluid  into  communication  with  the  brakes  of  the 
vehicle.  The  brake  pedal  acts  upon  a  piston  which 
is  slideably  mounted  in  the  bore  and  this  piston  is 
connected  to  the  first  piston  means  by  a  spring  to 
provide  pedal  feel.  In  the  case  of  rapid  braking  it  is 
possible  that  a  valve  between  a  chamber,  defined 
between  the  piston  and  the  first  piston,  and  low 
pressure  reservoir  may  close  undesiderably  and 
form  a  direct  hydrostatic  connection  between  the 
piston  and  the  first  piston.  The  result  of  this  con- 
nection  is  that  the  pedal  feel  is  reduced,  and  in 
addition  the  opening  of  the  first  valve  means  beco- 
me  too  abrupt. 

The  object  of  the  invention  is  therefore  to  pro- 
vide  an  improved  hydraulic  assistance  device  for  a 
dual  circuit  of  the  type  known  as  "full  power"  which 
is  capable  of  operating  as  a  conventional  master 
cylinder  in  the  event  of  failure  of  the  high  pressure 
circuit  and  in  which  the  feature  of  pedal  feel  is 
assured. 

According  to  the  invention  there  is  provided  a 
hydraulic  assistance  device  comprising  a  body 
comprising  a  bore  in  which  a  first  piston  means 
and  a  second  piston  means  are  slideably  mounted, 
the  first  piston  means  being  movable  under  the 
effect  of  the  actuation  of  third  piston  slideably 
mounted  in  the  body,  and  the  second  piston  means 
being  movable  by  the  intermediary  of  a  hydraulic 
connection  formed  in  a  pressure  chamber  defined 
between  the  first  and  the  second  piston  means,  a 
respective  valve  means  being  associated  with  each 
piston  means  in  a  respective  hydraulic  circuit  bet- 
ween  a  source  of  fluid  under  pressure  and  a  res- 
pective  braking  circuit ;  and  a  third  chamber  defi- 
ned  in  the  bore  between  the  first  piston  means  and 

the  third  piston,  the  said  third  chamber  being 
connected  to  a  low  pressure  reservoir  through  a 
passage  in  which  a  valve  means  is  mounted,  cha- 
racterized  in  that  the  device  incorporates  a  second 
valve  means  in  a  second  passage  between  the 
third  chamber  and  the  reservoir,  the  second  valve 
means  being  responsive  to  the  pressure  of  the 
corresponding  source  of  pressure  so  that,  upon 
failure  of  this  high  pressure  source,  the  second 
valve  means  closes  so  as  to  isolate  the  third  cham- 
ber  from  the  reservoir. 

According  to  a  second  embodiment  of  the  in- 
vention  the  first  piston  means  further  comprises  a 
control  piston  on  which  is  fixedly  mounted  a  ball 
adapted  to  close  a  valve  seat  in  the  first  piston 
means  to  thereby  close  the  fluid  passage  between 
the  first  pressure  chamber  and  the  third  chamber. 

The  invention  will  now  be  described  by  way  of 
example  with  reference  to  the  accompanying  dra- 
wings,  in  which : 

-Figure  1  is  a  longitudinal  sectional  view  of  a 
hydraulic  assistance  device  according  to  a  first 
embodiment  of  the  invention,  and 
-Figure  2  is  a  longitudinal  sectional  view  of  a 
device  according  to  a  second  embodiment  of 
the  invention. 

As  shown  in  Figure  1,  the  hydraulic  assistance 
device,  which  in  the  example  shown  is  a  master 
cylinder  for  a  braking  circuit,  comprises  a  body  10 
including  a  single  bore  12  which  is  closed  at  one 
end  by  a  closure  component  14.  A  first  piston  16  is 
slideably  mounted  in  the  bore  12  and  is  intended 
to  be  connected  to  a  brake  pedal  of  a  vehicle  (not 
shown).  A  first  piston  means  and  a  second  piston 
means  18,  20  are  slideably  mounted  in  the  bore  12 
defining  between  them  a  first  pressure  chamber  22. 
A  second  pressure  chamber  24  is  defined  between 
the  second  piston  means  22  and  the  closure  com- 
ponent  14.  The  first  piston  means  18  comprises  a 
control  piston  26  which  includes,  in  an  internal  bore 
27  connecting  the  first  chamber  22  to  a  low  pressu- 
re  reservoir  25  (not  shown),  a  ball  28  which  is 
pushed  to  the  right,  (when  viewing  the  drawings), 
by  a  spring  30.  A  control  component  32  is  slidea- 
bly  mounted  in  bore  27  and  has  at  its  end  a  seat 
34,  which  is  capable  of  being  closed  by  the  ball  30 
and  connected  to  a  chamber  36  in  the  bore  12  by 
an  internal  passage  38.  The  control  component  32 
is  connected  to  the  first  piston  16  by  a  spring  40 
and  comprises  an  annular  seal  42  which  is  capable 



of  closing  the  passage  between  the  passage  38 
and  the  chamber  40  by  coming  into  abutment 
against  an  annular  shoulder  44,  at  the  rear  of  the 
control  piston  26. 

The  first  piston  means  18  defines  with  the  bore 
12  an  annular  space  46  which  is  bounded  axially 
by  two  annular  cups  48,  50  and  is  connected  to  a 
source  of  high  pressure  hydraulic  fluid  52  by  a 
passage  54  in  the  body  10.  The  first  piston  means 
18  also  includes  a  bore  56  which  is  in  hydraulic 
communication  with  the  annular  space  46  by  way 
of  a  lateral  opening  58  and  which  includes  a  ball  60 
which  is  normally  pushed  towards  a  seat  62  by  a 
spring  64.  The  control  piston  26  comprises  a  rod 
66  which,  when  the  control  piston  moves  to  the  left, 
lifts  the  ball  60  from  its  seat  62  and  allows  fluid  to 
pass  under  pressure  from  the  source  52  through  a 
passage  68,  the  first  pressure  chamber  22  and  two 
outlets  70,  72  towards  the  brakes  of  a  primary 
braking  circuit  74. 

The  second  piston  means  20  comprises  a 
stepped  bore  76  in  which  a  control  piston  78  is 
slideably  mounted  in  a  sealed  manner,  and  which 
includes  a  stepped  bore  80  and  a  lateral  opening 
82  which  together  join  the  second  chamber  24  to 
the  reservoir  25.  A  ball  84  is  mounted  in  the  bore 
76,  the  ball  84  being  retained  by  a  piston  compo- 
nent  86  and  normally  pushed  to  the  right  by  a 
spring  88  so  as  to  open  a  seat  90  formed  in  the 
bore  80  of  the  control  piston  78.  A  spring  92 
connects  the  first  and  second  piston  means  18, 20. 

The  closure  component  14  includes  a  stepped 
bore  94  which  is  connected  to  a  high  pressure 
source  of  fluid  96  and  which  comprises  a  first  valve 
means  98  and  a  ball  valve  100  which  is  normally 
pushed  towards  its  closed  position  by  a  spring  102. 
The  control  piston  78  comprises  a  rod  104  which, 
when  the  control  piston  moves  to  the  left,  opens 
the  ball  valve  100  and  allows  the  fluid  under  pres- 
sure  to  pass  through  the  second  chamber  24  and 
two  ports  106,  108  towards  the  brakes  of  a  secon- 
dary  braking  circuit  110. 

According  to  the  invention,  the  hydraulic  as- 
sistance  device  also  includes  in  the  body  10  a 
valve  means  generally  indicated  by  reference  112. 
The  valve  means  112  comprises  a  stepped  bore 
114  in  which  a  valve  116  is  slideably  mounted  and 
which  includes  two  annular  cups  118,  120  and  a 
spring  122  which  normally  pushes  the  valve  to  the 
left,  (when  viewing  the  drawings).  One  end  124  of 
the  bore  114  is  connected  by  way  of  a  passage 
126  and  the  annular  space  46  to  the  high  pressure 
source  52.  The  other  end  128  of  the  bore  114  is 
connected  to  the  chamber  40  through  a  passage 
130.  A  third  passage  132  connects  the  central 
portion  134  of  the  bore  114  to  the  low  pressure 

reservoir  25.  If  the  valve  116  moves  to  the  left,  the 
cup  120  comes  into  contact  with  an  annular  wall 
136  of  the  stepped  bore  114  and  isolates  the 
chamber  40  from  the  reservoir  25.  The  high  pres- 
sure  source  52  is  isolated  from  the  reservoir  25 
and  from  the  chamber  36  by  the  cup  118,  the  high 
pressure  of  this  source  simply  pushing  the  valve 
116  to  the  right  against  the  force  of  the  spring  122. 

The  device  described  above  operates  as  fol- 
lows.  A  force  applied  by  the  brake  pedal  onto  the 
piston  16  is  transmitted  by  the  spring  40  to  the 
control  component  42  which  moves  to  the  left,  and 
closes  the  ball  valve  28.  The  control  piston  26  then 
moves  relative  to  the  first  piston  means  18  and 
opens  the  ball  60  by  way  of  the  rod  66.  Opening 
the  ball  60  allows  fluid  under  pressure  to  pass  from 
the  source  52  through  the  opening  58,  the  passage 
68,  the  first  pressure  chamber  22  and  the  ports  70, 
72,  towards  the  brakes  74.  The  rise  in  pressure  of 
the  primary  circuit  causes  the  retraction  of  the 
control  piston  26  which  is  in  equilibrium  with  the 
pedal  feel  spring  40.  The  rise  in  pressure  in  the 
pressure  chamber  22  also  results  in  movement  of 
the  second  piston  means  20  and  thus  closure  of 
the  ball  valve  84  and  movement  of  the  second 
control  piston  78  to  the  left  This  movement  of  the 
control  piston  78  opens  the  ball  100  by  way  of  the 
rod  104.  Opening  the  ball  100  allows  fluid  under 
pressure  to  pass  from  the  source  96  to  the  brakes 
110  through  the  second  pressure  chamber  24  in 
which  the  fluid  pressure  will  rise  until  equilibrium  is 
obtained  between  the  pressures  of  the  primary 
circuit  74  and  the  secondary  circuit  110.  After  the 
brake  pedal  is  released,  the  two  circuits  are  resup- 
plied  by  the  reopening  of  the  two  ball  valves  28 
and  84. 

In  normal  operation,  the  valve  means  112  re- 
mains  in  its  open  position  as  shown,  the  force  of 
the  high  pressure  fluid  being  greater  than  that  of 
the  spring  122.  The  chamber  40  is  thus  in  hydrau- 
lic  communication  with  the  reservoir  25  and  suita- 
ble  pedal  feel  is  provided  by  the  spring  40.  In  the 
case  of  rapid  braking,  the  annular  cup  42,  which 
normally  remains  open  during  operation  of  the  de- 
vice,  closes,  the  rise  in  pressure  of  the  primary 
braking  circuit  74  being  insufficiently  rapid  to  crea- 
te  a  reaction  force  on  the  control  component  38. 
However  the  valve  means  12  remains  open  allo- 
wing  fluid  to  pass  from  the  chamber  36  to  the 
reservoir  25  and  the  spring  for  pedal  feel  remains 
operative. 

In  the  case  of  failure  of  the  high  pressure 
circuit  52  the  spring  122  closes  the  valve  112  since 
no  fluid  under  pressure  remains  in  the  passage 
126.  When  the  device  is  operated,  the  annular  cup 
42  closes  owing  to  the  absence  of  reaction  upon 



the  control  piston  26.  The  chamber  36  is  thus 
isolated  and  a  hydrostatic  connection  is  formed 
between  the  piston  16  and  the  first  piston  means 
18  rendering  the  spring  40  inoperative. 

Another  advantage  of  the  present  invention 
compared  with  the  prior  art  lies  in  the  fact  that  the 
piloting  of  the  secondary  circuit  110  occurs  over 
the  whole  of  the  transverse  section  of  the  second 
piston  means  20,  which,  when  the  device  is  opera- 
ted  reduces  the  effect  of  friction  of  the  seals  of  this 
second  piston  means  and  the  effect  of  sudden 
opening  of  the  ball  valve  100  of  the  secondary 
circuit. 

A  second  embodiment  of  the  invention  is 
shown  in  Figure  2  in  which  components  common 
to  the  embodiment  of  Figure  have  the  same 
reference  numerals. 

Despite  its  advantages  the  previous  embodi- 
ment  has  a  relatively  large  number  of  components 
resulting  in  increased  manufacturing  costs.  The  fol- 
lowing  embodiment  was  designed  with  a  view  to 
reducing  both  the  number  of  components  and  the 
size  of  the  device. 

As  shown  in  Figure  2  the  first  piston  means  18 
is  simplified  with  respect  to  that  of  the  embodiment 
of  Figure  1  and  comprises  a  control  component 
232  slideably  mounted  in  a  stepped  bore  200.  The 
control  component  232  is  connected  to  the  first 
piston  16  by  spring  40.  The  first  piston  means  18 
further  comprises  a  control  piston  226  slideably 
mounted  in  stepped  bore  200  and  receiving,  in  its 
end  adjacent  the  control  component  232,  a  ball  228 
adapted  to  close  against  a  valve  seat  202  in  the 
control  component  232  and  thus  close  the  fluid 
passage  between  the  first  pressure  chamber  22 
and  chamber  36.  Chamber  36  communicates  with 
the  low  pressure  reservoir  25  by  way  of  a  passage 
130,  a  valve  means  112  and  a  passage  130'.  A 
second  return  passage  to  the  low  pressure  reser- 
voir  25  is  provided  by  way  of  an  opening  234,  a 
tilting  valve  236  and  a  passage  238. 

The  provision  of  two  return  passages  to  the  low 
pressure  reservoir  25  allows  the  omission  of  the 
valve  means  42  which  in  the  previous  embodiment 
was  needed  to  close  chamber  40.  The  absence  of 
this  valve  40  allows  the  first  piston  means  18  to  be 
shortened.  Ball  228  is  of  a  considerably  smaller 
diameter  than  its  equivalent,  ball  28,  in  the  first 
embodiment  and  this  fact,  together  with  that  of  the 
ball  being  mounted  on  the  control  piston  226  allows 
a  reduction  in  the  size  and  number  of  components 
of  the  first  piston  means  18.  The  risk  of  leaks  with 
a  small  diameter  ball  valve  is  also  less  than  that 
with  a  larger  diameter  ball. 

When  the  device  is  operated,  the  movement  of 
the  first  piston  16  to  the  left  (when  viewing  the 
drawings)  results  in  the  movement  to  the  left  of  the 
control  piston  226  which  opens  ball  valve  60  and 
allows  fluid  under  pressure  to  pass  from  the  high 
pressure  source  52,  through  opening  58  and  first 
pressure  chamber  22  to  the  vehicle's  primary  bra- 
king  circuit  74. 

The  second  piston  means  20  is  also  simplified 
with  respect  to  that  of  the  previous  embodiment.  A 
control  piston  78  is  slideably  mounted  in  the  se- 
cond  piston  means  20  by  way  of  an  annular  com- 
ponent  204  which  is  mounted  in  an  end  of  the 
second  piston  means  20.  In  the  end  of  the  control 
piston  78  adjacent  the  second  piston  means  20  is 
mounted  a  ball  284  which  is  adapted  to  close 
against  a  valve  seat  290  in  the  second  piston 
means  20  to  thus  close  the  fluid  passage  between 
the  second  pressure  chamber  24  and  the  low  pres- 
sure  reservoir  25.  The  other  end  of  the  control 
piston  78  is  slideably  received  in  a  sleeve  206 
which  also  receives,  at  its  other  end,  an  actuator 
element  208  which,  when  the  device  is  operated, 
opens  ball  valve  210  to  allow  fluid  under  pressure 
to  flow  from  the  high  pressure  source  96  to  the 
vehicle's  secondary  braking  circuit  110.  As  was  the 
case  for  the  first  piston  means  18,  the  small  diame- 
ter  of  ball  284  and  the  fact  that  it  is  mounted  on  the 
control  piston  78  results  in  a  reduction  of  the  size 
of  the  device  and  its  number  of  components. 

The  telescoping,  sliding  relationship  between 
control  piston  78  and  sleeve  206  results  in  the 
simplification  of  the  structure  of  closure  component 
14  while  allowing  sufficient  travel  for  the  second 
piston  means  in  the  event  of  a  high  pressure  circuit 
failure  whereupon  the  device  operates  as  a  conven- 
tional  master  cylinder  in  a  hydrostatic  mode. 

The  device  operates  in  a  similar  way  to  that  of 
the  first  embodiment,  apart  from  the  following  diffe- 
rences.  In  the  event  of  a  failure  of  the  primary  high 
pressure  source  52,  the  ball  valve  228  remains 
open  while  valve  means  112  closes  under  the 
effect  of  spring  122.  Tilting  valve  236  closes  when 
the  first  piston  means  18  moves  away  from  its 
illustrated  rest  position.  Thus  the  first  piston  16 
becomes  the  piston  of  a  conventional,  hydrostatic 
master  cylinder  and  fluid  passes  from  chamber  36 
via  valve  seat  202  and  opening  58  to  the  primary 
braking  circuit  74.  This  method  of  operation  results 
in  a  reduction  of  brake  pedal  dead  stroke.  During  a 
release  of  braking,  valve  means  112  remains 
closed  and  chamber  22  is  replenished  by  way  of 
tilting  valve  236.  During  the  first  part  of  the  return 
of  the  first  piston  means  18,  the  tilting  valve  236  is 



opened  as  a  result  of  the  pressure  differential 
across  it .  At  the  end  of  its  return  stroke  the  first 
piston  means  abuts  an  extension  240  of  tilting 
valve  236  and  thus  holds  it  in  its  open  position. 

In  the  event  of  a  failure  of  the  secondary  high 
pressure  source  96,  ball  284  closes  against  seat 
290  when  the  device  is  operated  and  the  second 
piston  means  20  moves  to  the  left  (when  viewing 
the  drawings)  and  conveys  fluid  under  pressure  to 
the  secondary  braking  circuit  110. 

Thus  it  will  be  seen  that  the  modified  construc- 
tion  of  the  second  embodiment  results  in  a  more 
compact  assembly  and  a  reduction  in  the  number 
of  components  while  ensuring  optimum  operation 
in  both  the  hydrodynamic  and  hydrostatic  modes. 

1/  Hydraulic  assistance  device  comprising  a  body - 
(10)  comprising  a  bore  (12)  in  which  a  first  piston 
means  and  a  second  piston  means  (18,  20)  are 
slideably  mounted  the  first  piston  means  (18)  being 
movable  under  the  effect  of  the  actuation  of  a  third 
piston  (16)  slideably  mounted  in  the  body  (10),  and 
the  second  piston  means  (20)  being  movable  by 
the  intermediary  of  a  hydrostatic  connection  for- 
med  in  a  pressure  chamber  (22)  defined  between 
the  first  and  the  second  piston  means  (18,  20)  a 
respective  valve  means  (60,  100)  being  associated 
with  each  piston  means  (18,  20)  in  a  respective 
hydraulic  circuit  between  a  source  of  fluid  under 
pressure  (52,  96)  and  a  respective  braking  circuit - 
(74,  110) ;  and  a  third  chamber  (36)  defined  in  the 
bore  (12)  between  the  first  piston  means  (18)  and 
the  third  piston  (16),  the  said  third  chamber  (36) 
being  connected  to  a  low  pressure  reservoir  (25) 
through  a  passage  in  which  a  valve  means  (42)  is 
mounted  characterised  in  that  the  device  com- 
prises  a  second  valve  means  (112)  in  a  second 
passage  (130,  132)  between  the  third  chamber - 
(36)  and  the  reservoir  (25),  the  second  valve  means 
(112)  being  responsive  to  the  pressure  of  the  cor- 
responding  source  of  pressure  (52)  so  that  upon 

failure  of  this  high  pressure  source,  the  second 
valve  means  (112)  closes  so  as  to  isolate  the  third 
chamber  (36)  from  the  reservoir  (25). 
2/  Device  as  claimed  in  Claim  1,  characterised  in 
that  the  second  valve  means  (112)  comprises  a 
stepped  bore  (114)  having  a  first  end  (124)  connec- 
ted  to  the  source  of  pressure,  a  second  end  (128) 
connected  to  the  third  chamber  (36)  and  an  inter- 
mediate  zone  connected  to  the  reservoir  (25). 
3/  Device  as  claimed  in  Claim  2,  characterised  in 
that  the  stepped  bore  comprising  an  annular  wall - 
(136)  the  valve  means  (112)  comprising  a  seal - 
(120)  which  is  capable  of  cooperating  with  the 
annular  wall  (136)  so  as  to  close  the  passage 
between  the  third  chamber  (36)  and  the  reservoir - 
(25). 
4/  Device  as  claimed  in  Claim  3,  characterised  in 
that  the  valve  means  (112)  comprises  a  piston 
means  which  is  housed  in  the  first  end  (124)  of  the 
stepped  bore  (114)  and  which  is  responsive  to  the 
pressure  of  the  high  pressure  source. 
5/  Device  as  claimed  in  any  of  the  preceding 
claims,  characterised  in  that  the  second  piston 
means  (20)  has  a  surface  facing  the  pressure 
chamber  (22)  which  corresponds  to  the  cross-sec- 
tion  of  the  bore  (12). 
61  Device  as  claimed  in  claim  1  characterised  in 
that  the  first  piston  means  (18)  comprises  a  control 
piston  (226)  on  which  is  fixedly  mounted  a  ball - 
(228)  adapted  to  close  a  valve  seat  (202)  in  the  first 
piston  means,  to  thereby  close  the  fluid  passage 
between  the  first  pressure  chamber  (22)  and  the 
third  chamber  (36). 
7/  Device  as  claimed  in  Claim  6  characterised  in 
that  the  second  piston  means  (20)  is  linked  to  the 
respective  valve  means  (210)  by  a  telescopic  ar- 
rangement  (78,  206). 
8/  Device  as  claimed  in  Claim  6  or  7  characterised 
in  that  it  further  comprises  a  tilting  valve  (236)  in  a 
second  passage  between  the  third  chamber  (36) 
and  the  low  pressure  reservoir  (25)  and  moveable 
into  an  open  position  by  the  first  piston  means 
when  this  is  in  its  rest  position. 
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