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(54)  Hydraulic  master  cylinder. 

(57)  An  hydraulic  master  cylinder  has  a  cylinder 
body  (1)  containing  a  valve  (18)  of  which  a  valve 
element  (30)  cooperates  with  a  valve  seat  (30A) 
carried  by  a  piston  (3),  the  piston  performing  a 
working  movement,  in  use,  to  compress  fluid  in 
a  pressure  chamber  (8)  of  the  body.  The  valve 
element  and  valve  seat  are  relatively  movable  to 
permit  opening  and  closing  of  the  valve.  A  first 
abutment  (38)  is  arranged  to  set  the  retracted 
position  of  the  piston  and  a  second  abutment, 
spaced  from  the  first  one  in  a  direction  opposite 
to  the  working  piston  movement,  serves  to  hold 
the  valve  element  in  a  desired  open  position 
when  the  piston  is  in  its  retracted  position.  The 
first  and  second  abutments  are  both  formed  on 
a  sleeve  (37)  surrounding  the  piston  (3). 
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This  invention  relates  to  an  hydraulic  master  cy- 
linder  primarily  for  use  in  a  vehicle  hydraulic  braking 
system,  and  including  a  cylinder  body  containing  a 
valve  of  which  a  valve  element  cooperates  with  a 
valve  seat  carried  by  a  piston  slidable  in  the  body,  the 
piston  performing  a  working  movement,  in  use,  to 
compress  fluid  in  a  pressure  chamber  of  the  body,  the 
valve  element  and  valve  seat  being  relatively  mov- 
able  to  permit  opening  and  closing  of  the  valve. 

Our  German  Gebrauchsmunster  No.  G8812281.6 
describes  a  master  cylinder  of  the  general  kind  refer- 
red  to  above  in  which  a  fixed  abutment  pin  extends 
through  the  cylinder  wall  and  acts  to  set  both  the  re- 
tracted  position  of  the  secondary  piston  and  the  fully 
open  position  of  the  associated  valve  when  the  piston 
is  retracted.  In  this  arrangement,  the  valve  mecha- 
nism  is  carried  in  a  portion  of  the  piston  which  ex- 
tends  forwardly  of  the  abutment  pin,  necessitating  for 
its  accommodation  a  length  of  cylinder  in  addition  to 
that  required  for  the  pressure  chamber  associated 
with  the  piston  and  giving  rise  inherently  to  a  relatively 
long  cylinder. 

An  object  of  the  invention  is  to  provide  a  master 
cylinder  of  the  kind  referred  to  above  which  is  of  re- 
duced  length  compared  with  some  conventional  cylin- 
ders. 

According  to  the  present  invention,  an  hydraulic 
master  cylinder  comprises  a  cylinder  body  containing 
a  valve  of  which  a  valve  element  cooperates  with  a 
valve  seat  carried  by  a  piston  slidable  in  the  body,  the 
piston  performing  a  working  movement,  in  use,  to 
compress  fluid  in  a  pressure  chamber  of  the  body,  the 
valve  element  and  valve  seat  being  relatively  mov- 
able  to  permit  opening  and  closing  of  the  valve,  a  first 
abutment  arranged  to  set  the  retracted  position  of  the 
piston,  and  a  second  abutment  which  is  spaced  from 
the  first  abutment  in  a  direction  opposite  to  the  piston 
working  movement  and  serves  to  hold  the  valve  ele- 
ment  in  a  desired  open  position  when  the  piston  is  in 
its  retracted  position. 

Preferably,  the  first  and  second  abutments  are 
relatively  fixed  and  conveniently  carried  by  a  single 
component  which  is  preferably  carried  by  and  mov- 
able  with  the  piston. 

Typically,  the  component  is  a  sleeve  at  least  par- 
tially  surrounding  the  piston,  the  sleeve  co-acting 
with  a  stop  fixed  to  the  cylinder  body  to  set  the  retract- 
ed  position  of  the  piston  and  with  means  carried  by 
the  valve  element  to  set  the  open  position  of  the  latter. 

In  one  practical  arrangement,  the  means  carried 
by  the  valve  extends  transversely  through  an  opening 
in  the  sleeve  and  abuts  a  surface  defining  the  open- 
ing  in  order  to  set  the  valve  open  position.  The  sleeve 
conveniently  has  a  longitudinal  slot,  of  which  one  end 
forms  the  first  abutment  at  a  location  adjacent  the 
forward  end  of  the  sleeve,  the  opening  in  the  sleeve 
forming  the  second  abutment  being  formed  towards 
the  opposite  end  of  the  sleeve. 
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The  invention  will  now  be  described,  by  way  of 
example,  with  reference  to  the  accompanying  draw- 
ings  in  which:- 

Figure  1  is  a  longitudinal  cross-section  of  one 
5  form  of  master  cylinder  of  the  invention; 

Figure  2  is  a  perspective  view  of  a  component 
from  the  master  cylinder  of  Figure  1  ; 
Figure  3  is  a  view  similar  to  Figure  1  illustrating 
an  alternative  embodiment  of  the  master  cylinder 

10  of  the  invention; 
Figure  4  is  a  perspective  view  of  a  component 
from  the  master  cylinder  of  Figure  3; 
Figure  5  is  a  fragmentary  cross-sectional  view  il- 
lustrating  part  of  a  further  alternative  embodi- 

15  ment  of  the  master  cylinder  of  the  invention,  and 
Figure  6  is  a  perspective  view  of  a  component  of 
the  master  cylinder  of  Figure  5. 
Referring  to  the  drawings,  these  show  a  tandem 

master  cylinder  having  a  cylinder  body  1  containing 
20  primary  and  secondary  pistons,  designated  respec- 

tively  2  and  3,  the  primary  piston  having  an  integrally 
formed  force  input  rod  4  through  which  it  is  actuated 
from  a  driver's  pedal  or  a  booster  device,  in  known 
manner.  The  secondary  piston  3  is  coupled  to  the  pri- 

25  mary  piston  for  simultaneous  operation  by  way  of 
springs  5  acting  between  the  pistons,  the  combined 
strength  of  the  springs  being  more  than  a  secondary 
piston  return  spring  6  acting  between  the  secondary 
piston  and  the  blind  end  of  the  cylinder  body.  The  sec- 

30  ondary  piston  carries  a  forward  seal  7  which,  together 
with  the  internal  cylinder  wall,  defines  a  pressure 
chamber  8.  A  further  pressure  chamber  9  is  defined 
between  the  pistons  by  a  seal  10  carried  by  the  pri- 
mary  piston  2  and  a  further  seal  1  1  carried  at  the  rear 

35  end  of  the  secondary  piston  3.  The  cylinder  body  1 
provides  a  pair  of  reservoir  connections  12,  13  which 
communicate  respectively  with  separate  fluid  cham- 
bers  ofafluid  reservoir  (not  shown),  the  connector  12 
communicating  with  the  chamber  8  via  a  flow  path 

40  through  a  tubular  member  14,  which  also  acts  as  a 
piston  abutment  in  the  manner  to  be  described,  and 
the  connector  13  communicating  with  the  chamber  9 
via  a  further  flow  path  formed  by  a  longitudinal  pas- 
sage  15  in  the  body,  an  annular  gap  16  between  part 

45  of  the  body  and  a  surrounding  end  cap  17,  and  a  ra- 
dial  port  15A  in  the  cylinder  wall.  The  end  cap  17 
serves  to  close  the  open  end  of  the  cylinder  and  car- 
ries  a  first  seal  17A  which  seals  around  the  input  rod 
4  and  another  seal  17B  which  seals  against  an  inter- 

so  nal  surface  of  the  body  1  . 
Fluid  flow  between  the  connector  12  and  cham- 

ber  8  is  controlled  by  a  centre  valve  assembly,  indi- 
cated  generally  at  18,  and  a  further  centre  valve  as- 
sembly  19  controls  the  flow  of  fluid  between  the  con- 

55  nector  13  and  chamber  9.  The  spacing  between  the 
primary  and  secondary  pistons  is  set  by  a  sleeve  as- 
sembly,  of  which  a  first  relatively  small  diameter  por- 
tion  20  is  fixed  to  the  primary  piston  2  and  a  second 
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relatively  large  diameter  portion  21,  surrounding  and 
slidable  on  the  first  portion,  abuts  and  is  held  against 
the  secondary  piston  3  by  the  springs  5  which  abut 
against  a  radial  flange  21  Aof  this  second  portion.  The 
sleeve  portion  20  is  internally  threaded  and  receives 
a  screw  22,  of  which  an  enlarged  head  22A  abuts  a 
shoulder  formed  by  the  sleeve  portion  21.  The  dis- 
tance  between  the  pistons  may  thus  be  set  by  adjust- 
ing  the  position  of  the  screw  22  within  the  sleeve  por- 
tion  20,  causing  the  sleeve  portions  to  move  relative 
to  each  other  under  the  action  of  the  springs  5,  there- 
by  altering  the  length  of  the  sleeve  assembly. 

The  centre  valve  assembly  19  includes  a  valve 
head  23  of  resilient  material,  such  as  rubber  or  plas- 
tics,  and  a  valve  stem  24  rigidly  secured  to  a  cross 
member  25  which,  in  the  illustrated  rest  condition  of 
the  cylinder,  abuts  against  a  cylinder  end  abutment  in 
the  form  of  a  circlip  26  housed  in  a  groove  of  the  cy- 
linder  body.  The  primary  piston  is  provided  with  a 
transverse  opening  27  to  permit  a  predetermined  rel- 
ative  movement  between  the  piston  and  the  abut- 
ment,  in  the  manner  to  be  described.  The  cross  mem- 
ber  25  engages  the  abutment  26  in  the  rest  condition 
of  the  cylinder  in  order  to  hold  the  valve  member  23 
in  its  fully  open  position  relative  to  its  opposing  valve 
seat  28  on  the  piston. 

The  centre  valve  assembly  18  associated  with 
the  secondary  piston  3  has  a  head  30  and  stem  31 
similar  to  the  valve  assembly  19  described  above. 
The  valve  head  31  lies  within  an  internal  bore  32  of 
the  secondary  piston  and  is  housed  within  a  cage  33, 
the  inner  end  of  which  provides  an  abutment  which  is 
trapped  in  place  by  the  return  spring  6.  The  second- 
ary  piston  has  an  elongate  portion  34  of  smallerdiam- 
eter  than  the  remainder  defined  by  a  pair  of  seal- 
supporting  flanges  35,  36  of  the  piston. 

The  piston  portion  34  is  surrounded  by  a  cylindri- 
cal  sleeve  37,  which  as  can  be  seen  clearly  from  Fig- 
ure  2,  is  composed  of  a  pair  of  half-cylindrical  parts 
37A,  37B  which  are  placed  in  position  around  the  pis- 
ton  and  held  together  by  a  circlip  38.  The  sleeve  por- 
tions  37A,  37B  are  formed  with  respective  diametri- 
cally  opposed  longitudinal  slots  39  within  which  are 
received  respectively  the  abutment  pin  14  already  re- 
ferred  to  and  a  further  abutment  pin  40  screwed  into 
the  cylinder  body  at  a  location  diametrically  opposed 
to  the  pin  14.  When  the  secondary  piston  is  retracted 
under  the  action  of  the  return  spring  6,  the  sleeve  37 
abuts  the  piston  flange  35  and  the  closed  ends  39A 
of  the  slots  act  as  abutments  engaging  the  pins  14, 
40  to  set  the  rest  positions  of  the  pistons.  The  mating 
sleeve  portions  37A,  37B  form  a  pair  of  diametrically 
opposed  openings  41  spaced  from  the  closed  ends 
39A  of  the  slots  39  in  the  direction  opposed  to  the 
working  movement  of  the  piston.  Through  these 
openings  is  received  a  transversely  extending  stop 
bar  42  carried  by  the  valve  stem  31.  The  dimensions 
of  the  openings  and  bar  longitudinally  of  the  cylinder 

are  chosen  so  that,  when  the  secondary  piston  3  is  in 
its  illustrated  rest  position,  the  stop  bar  42  engages 
the  right  hand  internal  edges  43  of  the  openings  41 

5  which  act  as  abutments  to  set  the  fully  open  position 
of  the  valve  member  30,  in  the  manner  to  be  descri- 
bed. 

With  the  pistons  in  their  illustrated  rest  positions, 
the  pressure  chambers  8  and  9  are  connected  to  the 

10  respective  reservoirchambers  via  the  connectors  12, 
1  3,  the  fluid  flow  paths  previously  referred  to  and  the 
open  valves  18,  19.  When  actuating  force  is  applied 
to  the  input  rod  4,  the  pistons  2  and  3  move  forward 
simultaneously  and  the  centre  valves  close  in  order 

15  to  permit  the  build-up  of  pressure  in  the  chambers  8 
and  9.  The  cross  member  25  is  initially  in  engagement 
with  the  circlip  26  underthe  action  of  a  spring  23A  act- 
ing  via  the  valve  element  23  and  its  stem  24.  The 
valve  element  23  thus  remains  stationary  during  the 

20  initial  inward  movement  of  the  piston  2  until  a  valve 
seat  28  on  the  piston  engages  the  opposing  surface 
of  the  valve  element  23  to  close  the  valve  and  isolate 
the  chamber  9  from  the  associated  reservoir  cham- 
ber.  Further  forward  movement  of  the  piston  will  car- 

25  ry  the  valve  element  and  its  stem,  together  with  the 
cross  member  25  forwardly,  the  valve  remaining 
closed.  Simultaneously,  forward  movement  of  the 
piston  3  engages  the  piston  seat  30A  with  the  valve 
element  30  to  isolate  the  chamber  8  from  its  associ- 

30  ated  reservoir  chamber  and  continued  forward  move- 
ment  of  the  piston  moves  the  valve  element  forward 
and  pulls  the  valve  stem  31  and  the  transverse  abut- 
ment  42  away  from  the  edges  43  of  the  openings  41 
in  the  sleeve  37.  When  the  actuating  force  is  re- 

35  moved,  the  pistons  are  returned  towards  their  original 
positions  by  the  springs  5  and  6  and  the  valve  ele- 
ments  will  follow  them  until  the  cross  member  25  re- 
engages  the  circlip  26  and  the  stop  bar  42  re-engages 
the  adjacent  edges  43  of  the  sleeve  openings  41, 

40  whereupon  the  final  part  of  the  piston  travel  serves 
to  move  the  pistons  away  from  the  valve  elements 
and  thereby  re-open  the  valves.  The  valves  are  then 
held  in  their  fully  open  positions  until  working  move- 
ment  of  the  pistons  is  next  initiated. 

45  The  embodiment  illustrated  in  Figure  3  of  the 
drawings  is  essentially  similar  to  that  of  Figure  1  ,  but 
incorporates  an  alternative  form  of  abutment  sleeve, 
which  is  illustrated  in  detail  in  Figure  4.  This  can  be 
seen  to  be  in  the  form  of  a  part-cylindrical  unitary 

so  sleeve  50  which  is  slotted  at  51  to  receive  an  abut- 
ment  pin  52  extending  through  the  cylinder  wall  and 
engaging  the  closed  end  51  A  of  the  slot,  as  previous- 
ly.  Externally  projecting  pads  50Amay  be  provided  on 
the  external  surface  of  the  sleeve  adjacent  its  for- 

55  ward  edge  for  low  friction  rubbing  against  the  cylinder 
wall  and,  in  the  case  of  the  central  one,  to  provide  an 
increased  abutment  surface  for  the  pin  52.  The 
sleeve  is  provided  with  diametrically  opposed  open- 
ings  53  to  receive  a  transversely  extending  stop  bar 

3 
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54  carried  by  the  stem  55  of  a  centre  valve  assembly 
56,  as  previously.  The  stop  bar  engages  the  right 
hand  internal  edges  57,  when  the  pistons  are  in  their 
illustrated  rest  positions,  in  order  to  set  the  fully  open 
position  of  the  valve  member  58  of  the  centre  valve 
assembly  56,  in  the  manner  described  previously. 
The  peripheral  extent  of  the  sleeve  50  is  such  that  it 
is  substantially  more  than  semi-cylindrical  and  ex- 
tends  at  either  side  of  the  piston  beyond  the  centre 
line  thereof.  The  inherent  resilience  of  the  sleeve  can 
be  sufficient  to  hold  it  in  place  on  the  piston,  although 
it  would  be  possible  to  provide  suitable  retention 
means,  if  required.  It  would  alternatively  be  possible 
to  provide  a  sleeve  which  is  less  than  semi-cylindrical 
over  the  majority  of  its  length,  but  having  an  end  por- 
tion  in  the  region  of  the  slots  illustrated  in  Figure  4 
which  has  a  greater  than  semi-cylindrical  peripheral 
extent,  leaving  the  openings  53  open  at  their  ends  op- 
posed  to  the  edges  57. 

Part  of  a  further  embodiment  of  the  invention  is 
illustrated  in  Figures  5  and  6,  of  which  Figure  5  illus- 
trates  the  forward  end  portion  of  the  master  cylinder, 
this  being  similar  to  the  corresponding  part  of  Figure 
1  except  for  the  sleeve  60  which  is  shown  in  greater 
detail  in  Figure  6. 

The  sleeve  60  is  of  part-cylindrical  form,  conve- 
niently  made  as  an  integral  steel  pressing,  and  is  pro- 
vided  with  diametrically  opposed  openings  61  ,  as  pre- 
viously,  to  receive  and  act  as  abutments  for  a  bar  54 
carried  by  the  stem  55  of  a  centre  valve  assembly  56. 
The  upper  surface  of  the  sleeve  is  slotted  longitudin- 
ally  at  62  and  a  forward  portion  of  the  sleeve  is  press- 
ed  outwardly  to  form  a  raised  pad  63  aligned  with  the 
slot  62.  The  rear  end  portion  64  of  the  sleeve  is  ta- 
pered  inwardly  to  an  extent  such  that  the  internal  di- 
ameter  of  the  tapered  portion  is  similar  to  the  external 
diameter  of  the  piston  land  34. 

In  this  embodiment,  the  peripheral  extent  of  the 
sleeve  60  is  such  that  the  sleeve  is  more  than  semi- 
cylindrical  and  is  fitted  overthe  piston  3  in  the  position 
shown  in  Figure  5  by  slight  resilient  expansion  of  the 
sleeve  as  it  passes  over  the  piston  and  subsequent 
contraction  to  the  position  shown.  A  hollow  peg  14  is 
passed  through  the  slot  62  in  the  manner  of  the  Figure 
1  embodiment  and  contacts  the  rear  edge  63Aof  the 
pad  63  to  set  the  piston  retracted  position.  The  ta- 
pered  sleeve  portion  64  contacts  the  piston  land  34 
and  the  sleeve  is  supported  between  this  land  and  the 
internal  cylinder  bore  contacted  by  the  pad  63.  The 
operation  of  the  master  cylinder  is  the  same  as  that 
described  for  Figure  1  and  the  sleeve  60  will  be  seen 
to  provide  first  and  second  abutments  respectively  by 
way  of  the  pad  63  and  slots  61,  resulting  in  the  advan- 
tages  described  previously.  Instead  of  being  pressed 
from  steel,  the  sleeve  60  may  alternatively  be  die- 
cast,  preferably  from  aluminium. 

In  any  of  the  embodiments  illustrated  in  Figures 
1  ,  3  and  5,  the  cage  33  (Figure  1)  and  its  equivalents 

in  Figure  3  and  5,  illustrated  as  being  of  thin  gauge 
metal  or  plastics  material,  may  be  replaced  by  a  plas- 
tic  component  of  more  substantial  cross-sectional  di- 

5  mensions  made,  for  example,  by  injection  moulding. 
It  will  be  seen  that  the  arrangement  of  the  inven- 

tion  is  advantageous  in  that  it  enables  the  valve- 
setting  abutment  to  be  located  at  a  position  spaced 
rearwardly  from  the  abutment(s)  at  the  forward  end 

10  of  the  piston,  thereby  enabling  the  valve  mechanism 
and  its  valve-setting  abutment  to  be  housed  within 
the  piston  body,  removing  necessity  for  an  extra 
length  of  piston,  as  is  required  in  some  prior  art  ar- 
rangements.  A  further  advantage  of  the  master  cylin- 

15  ders  described  herein  is  that  the  spring  6  can  be  se- 
lected  so  that,  in  its  collapsed  rigid  state  during  oper- 
ation  of  the  cylinder,  it  may  be  housed  at  least  partial- 
ly  and  preferably  wholly  within  the  bore  32  of  the  pis- 
ton  3,  thereby  contributing  further  to  compactness  of 

20  the  master  cylinders. 
Although  described  in  relation  to  a  tandem  mas- 

ter  cylinder,  the  invention  may  be  applied  to  a  cylinder 
containing  a  single  piston  and  associated  valve. 

25 
Claims 

1.  An  hydraulic  master  cylinder  comprising  a  cylin- 
der  body  (1)  containing  a  valve  (18)  of  which  a 

30  valve  element  (30)  cooperates  with  a  valve  seat 
(30A)  carried  by  a  piston  (3)  slidable  in  the  body, 
the  piston  performing  a  working  movement,  in 
use,  to  compress  fluid  in  a  pressure  chamber  (8) 
of  the  body,  the  valve  element  (30)  and  valve  seat 

35  (30A)  being  relatively  movable  to  permit  opening 
and  closing  of  the  valve,  characterised  by  a  first 
abutment  (37A)  arranged  to  set  the  retracted 
position  of  the  piston,  and  a  second  abutment 
(43)  which  is  spaced  from  the  first  abutment  in  a 

40  direction  opposite  to  the  piston  working  move- 
ment  and  serves  to  hold  the  valve  element  (30) 
in  a  desired  open  position  when  the  piston  (3)  is 
in  its  retracted  position. 

45  2.  A  master  cylinder  according  to  Claim  1,  charac- 
terised  in  that  the  first  (38)  and  second  abut- 
ments  (43)  are  relatively  fixed. 

3.  A  master  cylinder  according  to  Claim  1  or  Claim 
so  2,  characterised  in  that  the  first  (37A)  and  second 

(43)  abutments  are  carried  by  a  single  compo- 
nent  (37). 

4.  A  master  cylinder  according  to  Claim  3,  charac- 
55  terised  in  that  said  single  component  (37)  is  car- 

ried  by  and  movable  with  the  piston  (3). 

5.  A  master  cylinder  according  to  Claim  4,  charac- 
terised  in  that  the  component  (37)  is  a  sleeve  at 

4 
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least  partially  surrounding  the  piston  (3),  the 
sleeve  co-acting  with  a  stop  (14)  fixed  to  the  cy- 
linder  body  to  set  the  retracted  position  of  the  pis- 
ton  and  with  means  (42)  carried  by  the  valve  ele-  5 
ment  (30)  to  set  the  open  position  of  the  latter. 

6.  A  master  cylinder  according  to  Claim  5,  charac- 
terised  in  that  the  means  (42)  carried  by  the  valve 
element  extends  transversely  through  an  open-  10 
ing  (41)  in  the  sleeve  (37)  and  abuts  a  surface 
(43)  defining  the  opening  in  order  to  set  the  valve 
open  position. 

7.  A  master  cylinder  according  to  Claim  5  or  Claim  15 
6,  characterised  in  that  the  sleeve  (37)  has  a  long- 
itudinal  slot  (39)  of  which  one  end  (39A)  forms  the 
first  abutment. 

8.  A  master  cylinder  according  to  Claim  7,  charac-  20 
terised  in  that  the  slot  (39)  extends  to  a  location 
adjacent  the  forward  end  of  the  sleeve  (37)  where 
it  forms  the  first  abutment  (39A),  the  opening  (41  ) 
in  the  sleeve  being  formed  towards  the  opposite 
end  of  the  latter.  25 

9.  A  master  cylinder  according  to  Claim  7  or  Claim 
8,  characterised  in  that  the  slot  (39)  and  opening 
(41)  are  displaced  peripherally  of  the  sleeve  by 
90°.  30 

10.  A  master  cylinder  according  to  any  one  of  the  pre- 
ceding  claims,  characterised  in  that  the  sleeve 
(37)  is  composed  of  two  semi-cylindrical  portions 
(37A,  37B).  35 

11.  A  master  cylinder  according  to  any  one  of  Claims 
5  to  9,  characterised  in  that  the  sleeve  is  a  unitary 
part-cylindrical  element  (50)  of  more  than  semi- 
cylindrical  extent.  40 

12.  A  master  cylinder  according  to  Claim  11,  charac- 
terised  in  that  the  sleeve  (50)  is  made  of  resilient 
material  and  held  within  the  cylinder  body  by  re- 
silient  recovery  after  insertion  therein  in  de-  45 
formed  condition. 

13.  A  master  cylinder  according  to  Claim  11  or  Claim 
12,  characterised  in  that  the  sleeve  (60)  is  provid- 
ed  at  its  forward  end  with  a  radially  projecting  50 
portion  (63)  arranged  to  bear  against  the  cylinder 
internal  wall  and  the  rear  end  portion  (64)  of  the 
sleeve  is  tapered  inwardly  to  bear  against  an  out- 
er  surface  (34)  of  the  piston. 

55 
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