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©  Pneumatic  oscillators. 

©  A  pneumatic  oscillator  of  the  type  having  an 
operating  piston  (20)  reciprocable  in  a  cylinder  (21) 
to  control  a  poppet  valve  arrangement  so  as  to 
control  a  gas  flow  path,  and  biassed  to  the  flow  path- 
closing  condition  with  feedback  of  output  supple- 
mentary  to  the  bias  in  opposition  to  source  pressure, 
is  characterised  by  a  piston  seal  comprising  an  O- 
ring  (22)  having  both  radial  and  axial  clearance  in  a 
retaining  groove  in  the  piston  (20)  to  provide  low 
friction,  and  by  a  resilient  buffer  (33)  to  arrest  the 
piston  (20)  at  its  stroke-end  in  the  flow  path-opening 
position  and  to  cause  piston  (20)  rebound  to  an 
extent  to  position  the  O-ring  (22)  against  the  lateral 

—  groove  wall  that  is  downstream  to  the  prevailing 
^pressure  differential,  thereby  to  ensure  effective 

sealing  at  the  switching  point.  The  buffer  (33)  also 

qq  suppresses  noise  of  operation  of  the  oscillator.  The 
qq  oscillator  is  particularly  useful  for  generating  breatha- 

ble  gas  pulses  for  resuscitation  and/or  lung  ventila- 
^.tion  purposes. 
cn  
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'neumatic  Oscillators 

THIS  INVENTION  concerns  pneumatic  oscilla- 
:ors,  especially  but  not  exclusively  for  the  operation 
Df  resuscitators  and/or  ventilators  and  like  devices 
:or  inducing  or  assisting  lung  function  in  human 
aatients. 

In  general,  such  devices  generate  a  train  of 
Dulses  of  breathable  gas  that  is  ducted  to  a  patient, 
usually  via  a  so-called  patient  valve  and/or  an 
Dronasal  mask  or  tracheal  intubation  device.  The 
generation  of  the  pulse  train  with  pulses  at  the 
required  intervals  and  with  appropriate  tidal  flow 
characteristics  requires  some  form  of  switching 
mechanism  controlling  the  flow  of  breathable  gas 
from  a  source  to  the  pulse  output.  Simplicity,  re- 
liability  and  constancy  of  performance  in  service, 
and  robustness  are  dominant  criteria  in  the  design 
of  resuscitators  or  ventilators,  especially  those  in- 
tended  for  use  by  emergency  services  such  as 
ambulance  crews,  or  for  use  in  a  domestic  environ- 
ment  by  non-specialist  operators. 

Pneumatic  oscillators  exist  in  various  forms  and 
many  forms  have  been  applied  to  this  purpose. 
GB-A-1  533  550  exemplifies  one  such  form  of 
pneumatic  oscillator  that  has  been  successfully  ap- 
plied  in  practice  but  even  that  oscillator  comprises 
several  components  and  several  moving  parts,  with 
consequent  complexity  and  cost. 

In  another  form  of  pneumatic  oscillator,  a  pis- 
ton  or  its  equivalent  is  reciprocable  to  open  and 
close  a  flow  path  between  a  source  of  pressurized 
breathable  gas  and  a  pulse  output.  The  piston  is 
biassed  towards  the  flow  path-closing  position  and 
the  biassing  is  supplemented  by  gas  pressure  de- 
rived  from  the  output  of  the  device.  Source  gas 
pressure  is  applied  to  the  piston  in  a  manner  to 
overcome  the  biassing  so  as  to  cause  the  piston  to 
move  to  its  flow  path-opening  position;  whereupon 
the  device  outputs  a  gas  pressure  pulse  from 
which  pressure  is  derived  to  supplement  the  bias- 
sing  and  restore  the  piston  to  its  flow  path-closing 
position.  Examples  of  such  an  oscillator  are  dis- 
closed  in  FFt-A-1  530  478  and  US-A-3  881  480. 

To  obtain  a  snap-action  in  the  opening  and 
closing  of  the  flow  path,  a  poppet  valve  arrange- 
ment  is  utilised  in  which  a  sealing  lip  coacts,  in  the 
flow  path-closing  condition,  with  a  resilient  facing  in 
such  a  manner  as  to  isolate  an  area  of  the  piston  or 
equivalent  from  the  gas  pressure  acting  elsewhere. 
Accordingly,  when  the  flow  path  is  open,  gas  pres- 
sure  is  applied  to  a  different  area  than  when  the 
flow  path  is  closed  with  the  consequence  that  there 
is  an  abrupt  change  of  effective  area  exposed  to 
gas  pressure  at  the  point  of  switching,  and  an 
abrupt  change  in  the  force  balance  on  the  piston. 

Although  an  oscillator  of  this  general  form  ex- 

hibits  remarkable  simplicity  and  would  appear  to  be 
eminently  suitable  for  the  applications  considered, 
in  practice  such  oscillators  have  not  achieved  wide- 
spread  adoption  because  the  attainment  of  ac- 

5  curate  and  reproducible  performance  characteris- 
tics  depends  critically  upon  the  maintenance  of 
close  tolerances  in  manufacture  and  even  then  the 
characteristics  tend  to  change,  unpredictably,  in 
service.  The  reason  for  this  is  that  the  characteris- 

70  tics  are  critically  affected  by  the  force  balance  on 
the  piston  or  its  equivalent  at  the  point  of  switching 
and  this  in  turn  is  influenced  by  a  number  of 
factors.  One  such  factor  is  the  effectiveness  of  the 
seals  exposed  to  gas  pressure  at  the  point  of 

75  switching,  and  the  friction  forces  due  to  these 
seals. 

Piston  sealing  may  conveniently  be  accom- 
plished  by  the  use  of  one  or  more  O-rings.  How- 
ever,  if  an  O-ring  is  accommodated  in  a  retaining 

20  groove  of  such  dimensions  that  it  is  compressed 
radially,  high  and  often  variable  friction  forces  arise. 
On  the  other  hand,  if  an  O-ring  is  accommodated  in 
a  retaining  groove  dimensioned  to  avoid  radial 
compression  and  so  avoid  the  generation  of  high 

25  friction  forces,  the  O-ring  must  normally  be  allowed 
some  axial  clearance  in  the  groove  to  provide  for 
pressure  equalisation,  with  sealing  of  the  O-ring 
against  the  downstream  lateral  wall  of  the  groove. 

Thus,  when  an  O-ring  has  axial  clearance  in  its 
30  retaining  groove  and  radial  clearance  from  the 

groove  base,  it  is  free  to  move  axially  in  the  groove 
in  response  either  to  the  pressure  differential 
across  the  seal  or  in  response  to  relative  move- 
ment  between  the  seal  elements  -  the  piston  and 

35  its  cylinder  in  the  case  considered.  Seal  effective- 
ness  is  important  at  all  times  both  during  motion  of 
the  piston  and  at  its  stroke-end  positions,  and  it  is 
therefore  important  that  the  O-ring  should  be  ap- 
propriately  located  in  its  retaining  groove  to  seal 

40  against  a  lateral  groove  wall,  whether  the  piston  is 
in  motion  or  stationary  at  the  point  of  switching. 

In  the  pneumatic  oscillators  of  interest,  the 
required  bias  forces  on  the  piston  may  be  provided 
by  differential  action,  so  that  a  pair  of  seals  is 

45  required,  doubling  the  problem  of  achieving  low 
friction  and  effective  sealing.  However,  in  preferred 
forms  of  the  pneumatic  oscillator  of  interest,  the 
bias  forces  on  the  piston  are  provided  at  least  in 
part  by  a  spring  so  that  the  pressure  differential 

50  across  the  piston  seal  is  unidirectional.  Accord- 
ingly,  if  the  piston  is  sealed  by  an  O-ring  having 
positive  axial  and  radial  clearance  in  a  retaining 
groove  in  the  piston,  at  one  stroke-end  position  - 
that  in  which  the  poppet  valve  arrangement  is  in  a 
flow  path-closing  condition  -  the  O-ring  will  be 
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appropriately  located  in  its  retaining  groove,  where- 
as  at  the  other  stroke-end  position  the  O-ring  tends 
to  come  to  rest  in  an  inappropriate  position  and 
some  leakage  may  occur. 

In  accordance  with  the  invention,  a  pneumatic 
oscillator  having  an  operating  piston  reciprocable  in 
a  cylinder  to  control  a  poppet  valve  arrangement  so 
as  to  control  a  gas  flow  path,  and  biassed  to  the 
flow  path-closing  condition  with  feedback  of  output 
supplementary  to  the  bias  in  opposition  to  source 
pressure,  is  characterised  by  a  piston  seal  com- 
prising  an  O-ring  having  both  radial  and  axial  clear- 
ance  in  a  retaining  groove  in  the  piston,  and  by  a 
resilient  buffer  to  arrest  the  piston  at  its  stroke-end 
in  the  flow  path-opening  position  and  to  cause 
piston  rebound  to  an  extent  to  position  the  O-ring 
against  the  lateral  groove  wall  that  is  downstream 
to  the  prevailing  pressure  differential. 

The  resilient  buffer  also  assists  in  reducing  the 
noise  of  operation  of  the  oscillator. 

The  preferred  resilient  buffer  is  an  O-ring  dis- 
posed  to  engage  the  periphery  of  the  adjacent  end 
of  the  piston. 

The  invention  is  further  explained  with  refer- 
ence  to  the  accompanying  drawings,  in  which: 

FIGURE  1  illustrates  diagrammatically  the 
principles  of  a  pneumatic  oscillator  of  the  form  to 
which  the  invention  pertains;  and 

FIGURE  2  illustrates  an  oscillator  embodying 
the  invention. 

The  principle  of  an  oscillator  of  the  form  to 
which  the  invention  is  applicable  is  illustrated  dia- 
grammatically  in  Figure  1  of  the  drawings.  A  piston 
1  is  reciprocable  in  a  cylinder  2  and  is  biassed  by 
a  spring  3  towards  the  right  as  seen  in  the  drawing, 
to  engage  a  sealing  lip  4  surrounding  a  port  5  in 
the  end  of  the  cylinder  2.  In  the  arrangement 
shown  the  port  5  constitutes  an  outlet  port  con- 
nected  to  an  output  line  7  by  way  of  an  outlet 
branch  6. 

The  outlet  branch  6  also  connects  with  a  feed- 
back  line  8  via  a  restrictor  9,  the  feedback  line  8 
connecting  with  the  end  of  the  cylinder  opposite  to 
that  containing  the  port  5.  A  further  restrictor  10  is 
interposed  between  the  outlet  branch  6  and  the 
output  line  7. 

A  further  port  1  1  in  the  end  of  the  cylinder  2 
and  outboard  of  the  port  5  serves  for  the  admission 
of  pressurized  breathable  gas,  for  instance  com- 
pressed  air  or  oxygen,  to  this  end  of  the  cylinder  2. 

The  drawing  shows  the  piston  1  in  a  flow  path- 
opening  position  clear  of  the  sealing  lip  4.  In  this 
position  of  the  piston  1,  breathable  gas  can  flow 
from  the  source  indicated  at  12  via  the  ports  11 
and  5  to  the  outlet  branch  6  and  thence  via  the 
restrictor  10  to  the  output  line  7  and  also  via  the 
restrictor  9  and  the  feedback  line  8  to  the  left  hand 

end  of  the  cylinder  2  as  seen  in  the  drawing.  As  a 
consequence  of  the  flow  of  gas  in  the  branch  6  and 
the  presence  of  the  restrictor  10,  gas  flows  through 
the  feedback  line  to  the  left  hand  end  of  the  cyl- 

5  inder  2  at  a  rate  controlled  by  the  restrictor  9  and 
builds  up  pressure  therein  that  acts  on  the  piston  1 
to  supplement  the  force  of  the  spring  3.  Eventually 
the  combined  effects  of  the  gas  pressure  and 
spring  3  cause  the  piston  to  move  to  the  right  as 

w  seen  in  the  drawing,  towards  the  sealing  lip  4.  As 
the  piston  approaches  the  latter,  flow  to  the  outlet 
branch  6  is  restricted  and  the  pressure  therein 
drops  so  that  there  is  a  sudden  shift  in  the  balance 
of  forces  on  the  piston  1  and  this  completes  its 

75  movement  to  the  right  with  a  snap-action,  to  en- 
gage  the  sealing  lip  4  and  thus  cut  off  flow  to  the 
port  5  and  outlet  branch  6. 

Pressure  in  the  left  hand  end  of  the  cylinder  2 
then  decays  by  reverse  flow  of  gas  from  the  cyl- 

20  inder  through  the  feedback  line  and  restrictors  9 
and  10.  When  the  gas  pressure  in  the  left  hand  of 
the  cylinder  2  has  decayed  to  an  appropriate  ex- 
tent,  the  source  gas  pressure  acting  on  the  annular 
area  of  the  piston  1  outboard  of  the  sealing  lip  4, 

25  overcomes  the  force  of  the  spring  3  and  causes 
the  piston  1  to  commence  to  move  towards  the  left 
as  seen  in  the  drawing.  As  it  does  so,  it  opens  the 
pathway  to  the  port  5  and  gas  flows  into  the  outlet 
branch  6,  building  up  pressure  therein  which  acts 

30  on  the  central  area  of  the  piston  1  to  supplement 
the  thrust  of  the  source  pressure  on  the  outboard 
annular  area  of  the  piston.  There  is  in  consequence 
an  abrupt  change  in  the  balance  of  forces  acting  on 
the  piston  1  which  moves  with  a  snap-action  to  the 

35  position  shown  in  the  drawing,  whereupon  the  de- 
scribed  cycle  repeats  with  a  frequency  determined 
by  the  relationship  between  the  annular  area  out- 
board  of  the  sealing  lip  4  and  the  total  cylinder 
area,  the  bias  force  supplied  by  the  spring  3  and 

40  the  characteristics  of  the  restrictors  9  and  1  0. 
The  principles  of  the  operation  of  this  form  of 

pneumatic  oscillator  may  be  embodied  in  various 
arrangements  in  practical  devices.  For  instance  the 
restrictor  9  may  be  replaced  by  various 

45  restrictor/non-returh  valve  networks  to  achieve  par- 
ticular  cycling  patterns  in  the  output  line  and  to 
provide  different  operator  control  possibilities.  The 
biassing  of  the  piston  may  be  achieved  by  means 
other  than  a  spring:  for  instance  the  piston  may 

so  have  different  areas  effective  at  its  opposite  ends 
so  that  when  both  ends  of  the  piston  are  exposed 
to  equivalent  pressures  it  experiences  a  net  thrust 
towards  the  flow  path-closing  position.  Whereas  in 
the  arrangement  shown  the  port  5  constitutes  an 

55  outlet  port  and  the  port  11  constitutes  an  inlet,  the 
converse  arrangement  is  possible.  Moreover,  the 
sealing  lip  4  may  be  carried  by  the  piston  (or  its 
equivalent)  to  move  therewith  and  coact  with  a 

3 
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esilient  facing  on  the  cylinder  end  wall,  instead  of 
aeing  carried  by  the  latter  as  in  the  illustrated 
arrangement. 

Figure  2  illustrates  a  pneumatic  oscillator  em- 
DOdying  the  invention.  This  oscillator  comprises  a 
3iston  20  reciprocable  in  a  cylinder  defined  by  a 
sleeve  21  in  a  cylinder  block  and  having  an  O-ring 
22  arranged  in  a  retaining  groove  in  the  piston,  the 
-etaining  groove  and  O-ring  being  so  mutually 
dimensioned  as  to  provide  radial  clearance  be- 
tween  the  O-ring  and  the  base  of  the  groove  and  a 
small  but  positive  axial  clearance  between  the  0- 
-ing  and  the  groove  lateral  walls.  The  O-ring  may, 
for  instance,  have  a  section  of  1.75  mm  and  an 
axial  clearance  of  0.025  to  0.15  mm. 

The  right  hand  end  of  the  piston  20  as  seen  in 
the  drawing  carries  a  sealing  lip  (not  shown)  con- 
tained  within  the  end  23  of  the  piston  and  that 
cooperates  with  a  resilient  facing  24,  outboard  of 
an  outlet  port  24a,  communicating  with  a  terminal 
24b,  to  constitute  "a  poppet  valve  arrangement.  This 
is  preferably  of  the  construction  disclosed  in 
copending  Application  No.  (Agent's  Reference  FB 
2632).  A  spring  25  biasses  the  piston  20  towards 
the  right,  the  flow  path-closing  position.  A  source 
gas  inlet  26  having  a  terminal  26a,  communicates 
with  the  right  hand  end  of  the  cylinder,  outboard  of 
the  sealing  lip  on  piston  end  23,  so  that  source  gas 
pressure  is  always  acting  on  the  outer  annular  area 
of  the  piston  and,  thus,  on  the  right  hand  side  of 
the  O-ring  22  as  seen  in  the  drawing,  to  tend  to 
urge  this  into  engagement  with  the  left  hand  lateral 
groove  wall.  A  feedback  connection  27  is  provided 
at  the  left  hand  end  of  the  cylinder  and  commu- 
nicates  with  the  outlet  port  24a  via  a  restrictor 
assembly  27a  and  a  passage  27b. 

The  spring  25  is  housed  in  a  cap  28  that  is 
sealed  against  the  end  of  the  sleeve  21  by  an  O- 
ring  29  and  carries  the  spring  in  a  cup  30  that  fits 
in  a  porous  filter  sleeve  31  on  the  cap  28.  An  O- 
ring  32  is  trapped  between  the  cup  30  and  the  end 
wall  of  the  cylinder. 

A  resilient  buffer  in  the  form  of  an  O-ring  33  is 
positioned  in  the  cap  28  so  as  to  be  engaged  by 
the  periphery  of  the  left  hand  end  of  the  piston  20 
when  that  reaches  its  left  hand  stroke-end  position, 
so  as  to  arrest  the  piston  movement  and  cause  it  to 
rebound  a  small  distance  to  the  right,  thereby  to 
cause  the  piston  seal  O-ring  22  to  travel  to  the  left 
in  its  retaining  groove  so  as  to  be  ready  to  seal 
against  the  left  hand  lateral  wall  of  the  groove 
under  the  influence  of  the  pressure  differential 
(from  right  to  left  as  seen  in  the  drawing)  to  which 
the  piston  seal  is  exposed  at  that  time.  In  this  way, 
leakage  at  the  piston  seal  is  precluded.  The  buffer 
action  of  the  O-ring  33  is  supplemented  by  the 
resilient  location  of  the  cup  30  by  the  O-ring  32 
and  both  O-rings  32  and  33  coact  to  damp  the 

transmission  of  noise,  engendered  by  the  piston 
striking  the  cap  28,  to  the  casing  of  the  valve. 

The  features  disclosed  in  the  foregoing  de- 
scription  and  in  the  following  claims  may,  both 

;  separately  and  in  any  combination  thereof,  be  ma- 
terial  for  realising  the  invention  in  diverse  forms 
thereof. 

w  Claims 

1.  A  pneumatic  oscillator  having  an  operating 
piston  reciprocable  in  a  cylinder  to  control  a  poppet 
valve  arrangement  so  as  to  control  a  gas  flow  path, 

15  and  biassed  to  the  flow  path-closing  condition  with 
feedback  of  output  supplementary  to  the  bias  in 
opposition  to  source  pressure,  characterised  by  a 
piston  seal  comprising  an  O-ring  having  both  radial 
and  axial  clearance  in  a  retaining  groove  in  the 

20  piston,  and  by  a  resilient  buffer  to  arrest  the  piston 
at  its  stroke-end  in  the  flow  path-opening  position 
and  to  cause  piston  rebound  to  an  extent  to  posi- 
tion  the  O-ring  against  the  lateral  groove  wall  that  is 
downstream  to  the  prevailing  pressure  differential. 

25  2.  A  pneumatic  oscillator  according  to  claim  1  , 
wherein  said  resilient  buffer  comprises  a  resilient 
ring  positioned  to  be  engaged  by  the  periphery  of 
the  adjacent  end  of  the  piston. 

3.  A  pneumatic  oscillator  according  to  claim  1 
30  or  2,  arranged  so  that  source  pressure  is  applied 

continuously  to  the  piston  seal  on  one  side  thereof. 
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