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(54)  AIR  BAG  FOR  A  HALF-CLOSED  TYPE  BREATHING  DEVICE 

(57)  An  air  bag  (9)  for  a  half-closed  type  breathing 
device  (1)  is  a  seamless  integrally  molded  piece  which 
is  blow  molded  from  urethane  resin.  An  opening  of  this 
air  bag  (9)  is  constructed  so  as  to  be  screwed  into  the 
main  body  of  the  half-closed  type  breathing  device  (1) 
for  fixation,  whereby  replacement  work  can  easily  be 
performed.  Since  there  is  no  seam  formed  in  the  air  bag 
according  to  the  present  invention,  there  is  no  need  to 
inspect  the  strength  of  a  seam,  facilitating  the  produc- 
tion  control.  Since  the  air  bag  (9)  is  molded  from  ure- 
thane  resin,  the  durability  and  the  like  thereof  can  be 
improved.  In  addition,  since  the  air  bag  (9)  is  blow 
molded,  uniform  size  and  high  productivity  can  be  real- 
ized. 
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Description 

Technical  Field 

This  invention  relates  to  a  semiclosed-circuit 
breathing  apparatus  constituted  such  that  exhaled  air 
recovered  from  a  mouthpiece  is  passed  through  a  car- 
bon  dioxide  adsorption  apparatus  and  regenerated,  and 
a  mixture  of  said  regenerated  gas  and  a  constant  flow  of 
new  gas  for  inhalation  supplied  from  a  breathing  gas 
cylinder  is  supplied  to  the  mouthpiece  as  the  gas  for 
inhalation.  More  specifically,  this  invention  relates  to  air 
bags  arranged  in  such  apparatus  as  a  buffer  for  breath- 
ing  and  that  accumulates  breathing  gas. 

Background  Art 

Underwater  breathing  apparatus  can  generally  be 
divided  into  two  types:  open-circuit  breathing  apparatus 
and  closed-circuit  or  semiclosed-circuit  breathing  appa- 
ratus.  In  an  open-circuit  breathing  apparatus,  gas  that 
has  been  breathed  once  is  all  expelled  from  the  appara- 
tus,  but  a  closed-circuit  or  semiclosed-circuit  breathing 
apparatus  includes  an  apparatus  by  which  gas  that  has 
been  breathed  can  be  breathed  again. 

During  dives  using  open-circuit  breathing  appara- 
tus,  the  same  volume  of  gas  is  breathed  regardless  of 
the  ambient  pressure  or  depth.  Therefore,  as  the  ambi- 
ent  pressure  becomes  larger  the  consumption  of 
breathing  gas  increases.  In  the  case  in  which  a  gas  cyl- 
inder  is  used,  namely  the  case  in  which  the  amount  of 
gas  that  can  be  breathed  is  limited  to  a  fixed  volume,  the 
diving  time  decreases  as  the  depth  increases. 

In  contrast,  with  a  closed-circuit  or  semiclosed-cir- 
cuit  breathing  apparatus,  while  compressed  gas  is  the 
source  of  breathing  air  in  the  same  manner  as  the  open- 
circuit  type,  the  same  weight  of  gas  is  breathed  regard- 
less  of  the  ambient  pressure.  Therefore,  with  the 
closed-circuit  or  semiclosed-circuit  type,  the  consump- 
tion  of  breathing  gas  is  constant  regardless  of  depth. 
For  this  reason,  the  amount  of  breathing  gas  that  must 
be  carried  is  much  less  than  that  required  for  the  open- 
circuit  type,  and  also,  by  varying  the  mixing  ratio  of 
breathing  gas,  long  dives  to  depths  that  cannot  be 
reached  with  open-circuit  apparatus  become  possible. 

In  this  manner,  closed-circuit  or  semiclosed-circuit 
breathing  apparatus  has  the  advantages  of  being  lighter 
than  open-circuit  breathing  apparatus  and  permitting 
longer  dives  to  deeper  depths.  However,  conventional 
closed-circuit  or  semiclosed-circuit  breathing  apparatus 
was  developed  for  purposes  of  specialized  types  of  div- 
ing  or  military  use,  so  it  provided  only  a  minimum  of 
safety  mechanisms,  and  had  no  mechanisms  for  han- 
dling  emergency  situations  that  occur  relatively  easily. 
For  this  reason,  extremely  thorough  training  was 
required  in  order  to  use  this  type  of  apparatus,  and  thus 
it  could  not  be  used  easily  by  the  leisure  diver. 

Yet  with  the  increase  in  diving  aficionados,  demand 
increased  for  this  type  of  closed-circuit  or  semiclosed- 

circuit  breathing  apparatus  that  can  be  used  for  diving 
without  the  need  to  master  complex  operation.  Closed- 
circuit  breathing  apparatus  is  equipped  with  oxygen 
concentration  sensors  and  the  like,  thus  requiring  con- 

5  siderable  training  in  its  handling,  control  and  monitoring. 
In  contrast,  semiclosed-circuit  breathing  apparatus  has 
no  such  equipment  and  therefore  there  is  no  need  for 
training  in  its  operation,  so  it  can  be  handled  relatively 
easily  by  even  a  non-expert.  This  type  of  semiclosed- 

10  circuit  breathing  apparatus  has  become  simpler  than  in 
the  past,  can  be  used  easily  and  is  extremely  conven- 
ient. 

In  consideration  of  these  points,  the  present  inven- 
tors  have  previously  proposed,  in  Japanese  Patent 

15  Application  No.  5-274843,  semiclosed-circuit  breathing 
apparatus  that  can  be  handled  relatively  easily  by  even 
a  non-expert. 

The  problems  that  the  present  invention  addresses 
are  improvements  to  the  air  bags  placed  in  such  semi- 

20  closed-circuit  breathing  apparatus  as  a  buffer  for 
breathing  and  that  accumulates  breathing  gas,  along 
with  simplification  of  its  manufacture  and  method  of 
replacement. 

25  Disclosure  of  the  Invention 

In  order  to  solve  the  aforementioned  problems,  the 
air  bags  for  underwater  breathing  apparatus  of  the 
present  invention  are  characterized  in  that  they  are 

30  seamless  one-piece  moldings  molded  from  synthetic 
resin.  By  means  of  the  present  invention,  the  air  bags 
have  no  seams  like  those  present  in  the  prior  art,  so 
there  is  no  need  for  inspection  of  the  strength  of  seams, 
simplifying  production  management. 

35  In  addition,  the  breathing  gas  circulation  openings 
of  the  air  bags  have  a  screw-in  type  removable  struc- 
ture.  Therefore,  the  work  of  replacing  the  air  bags  can 
be  performed  simply.  In  other  words,  in  the  event  that 
mold  or  the  like  should  form,  necessitating  its  replace- 

40  ment,  the  air  bag,  can  be  easily  replaced  with  a  new 
one.  In  addition,  replacement  is  simple,  so  by  preparing 
air  bags  of  different  volumes  depending  on  differences 
in  the  lung  capacity  of  the  user,  it  is  possible  to  attach 
optimal  air  bags  that  are  matched  to  the  user. 

45  Moreover,  in  the  present  invention,  the  air  bags  are 
molded  from  polyurethane  resin.  By  using  polyurethane 
resin,  its  tear  strength  is  higher  than  that  of  the  conven- 
tional  ones  made  of  rubber  that  are  in  general  use,  so 
durability  and  the  like  can  be  increased. 

so  Moreover,  in  the  present  invention,  the  air  bags  are 
molded  by  means  of  the  blow  molding  method.  By 
adopting  this  molding  method,  stability  of  sizes  and 
good  suitability  to  mass  production  can  be  achieved. 

55  Brief  Description  of  Drawings 

Figure  1  is  a  view  of  the  outside  of  a  semiclosed-cir- 
cuit  breathing  apparatus  to  which  the  invention  is 
applied. 
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Figure  2  is  a  schematic  cross-sectional  view  show- 
ing  the  internal  structure  of  the  apparatus  of  Figure  1  . 

Figure  3  is  a  diagram  showing  an  inhalation  air  bag 
incorporated  into  the  apparatus  of  Figure  1  ,  where  (a)  is 
a  front  view  and  (b)  is  a  partial  side  view  when  seen  s 
from  a  perpendicular  direction. 

Figure  4  is  a  diagram  showing  a  regulator  attached 
to  the  apparatus  of  Figure  1  ,  where  (a)  is  a  side  view 
and  (b)  is  a  longitudinal  cross-sectional  view. 

Figure  5  is  a  schematic  longitudinal  cross-sectional  10 
view  of  a  conventional  regulator. 

Best  Mode  for  Carrying  out  the  Invention 

A  preferred  embodiment  of  the  present  invention  is 
will  be  explained  with  reference  to  the  drawings. 

Figures  1  and  2  show  the  overall  structure  of  a  sem- 
iclosed-circuit  breathing  apparatus  into  which  is  incor- 
porated  the  air  bags,  of  the  present  invention.  As  shown 
in  Figure  1  ,  the  semiclosed-circuit  breathing  apparatus  20 
1  of  this  example  is  equipped  with  a  hollow  housing  2 
and  the  component  parts  of  the  device  to  be  described 
later  are  built  into  this  hollow  housing  2.  One  side  of  this 
hollow  housing  2  forms  the  back-resting  surface  2a 
which  rests  against  the  back  of  the  diver,  and  in  the  25 
center  of  the  opposing  surface  is  formed  an  opening 
used  for  replacing  the  breathing  gas  cylinder,  and 
attached  to  the  opening  is  a  removable  cover  2b. 
Attached  to  the  top  edge  of  the  hollow  housing  2  is  a 
canister  3  with  a  built-in  horizontal  carbon  dioxide  30 
adsorption  apparatus.  This  canister  takes  an  overall 
cylindrical  shape,  and  connected  to  its  exterior  on  either 
side  are  two  flexible  hoses,  an  exhalation  air  hose  4  and 
an  inhalation  air  hose  5.  Connected  to  the  ends  of  the 
exhalation  air  hose  4  and  the  inhalation  air  hose  5  is  a  35 
mouthpiece  unit  6. 

We  will  now  describe  the  main  structural  compo- 
nents  of  the  apparatus  1  of  this  embodiment  in  refer- 
ence  to  Figure  2.  As  shown  in  this  figure,  the 
inhaled/exhaled  air  circulation  chamber  61  within  the  40 
mouthpiece  unit  6  communicates  with  the  exhalation  air 
hose  4  and  inhalation  air  hose  5.  The  other  ends  of  the 
exhalation  air  hose  4  and  inhalation  air  hose  5  commu- 
nicate  with  either  side  of  the  cylindrical  canister  3  with  a 
built-in  carbon  dioxide  adsorption  apparatus  7.  In  other  45 
words,  the  carbon  dioxide  adsorption  apparatus  7  with 
an  annular  cross-section  is  built  into  the  center  of  this 
canister  3  and  an  exhalation  air  passage  31  and  inhala- 
tion  air  passage  32  are  formed  on  either  side.  A  breath- 
ing  gas  cylinder  8  is  placed  vertically  in  the  center  of  the  so 
hollow  housing  2  below  the  canister  3  with  the  built-in 
carbon  dioxide  adsorption  apparatus  7,  and  on  either 
side  of  the  cylinder  are  placed  an  exhalation  air  bag  9 
and  an  inhalation  air  bag  1  1  .  The  exhalation  air  bag  9 
communicates  with  the  exhalation  air  passage  31  of  the  55 
canister  3  and  the  inhalation  air  bag  1  1  communicates 
with  the  inhalation  air  passage  32  of  the  canister  3. 

The  breathing  gas  cylinder  8  is  arranged  such  that 
its  gas  discharge  outlet  81  is  positioned  at  the  bottom, 

and  this  gas  discharge  outlet  81  is  connected  via  an 
on/off  valve  82  to  a  regulator  83.  The  regulator  83 
reduces  the  gas  pressure  to  roughly  8  to  9  kg/cm2.  Con- 
nected  to  the  regulator  83  are  six  gas  supply  lines,  and 
of  these,  three  are  used  for  the  remaining-pressure 
gage,  the  buoyancy  compensator  and  the  octopus  rig 
(not  shown).  One  of  the  remaining  three  lines,  gas  sup- 
ply  line  84,  passes  through  the  inhalation  air  passage 
32  of  the  canister  3  with  built-in  carbon  dioxide  adsorp- 
tion  apparatus  and  through  the  inhalation  air  hose  5, 
extending  to  the  interior  of  the  mouthpiece.  At  an  inter- 
mediate  position  is  interposed  a  flow  rate  adjustment 
orifice  84a,  by  which  the  flow  rate  is  adjusted  to  4  to  5  lit- 
ers/minute  and  supplied  to  the  interior  of  the  mouth- 
piece.  Another  of  the  lines,  gas  supply  line  85,  is  a 
purge  gas  supply  line  used  to  purge  water  from  the  inte- 
rior  of  the  mouthpiece  unit  6,  extending  to  the  interior  of 
the  mouthpiece  unit  6  in  the  same  manner  as  gas  sup- 
ply  line  84  described  above.  The  remaining  line,  gas 
supply  line  86,  is  used  to  supply  air  during  emergencies, 
and  its  end  is  positioned  within  the  inhalation  air  pas- 
sage  32  of  canister  3. 

Mounted  to  the  end  of  the  inhalation  side  of  the  can- 
ister  3  with  built-in  carbon  dioxide  adsorption  apparatus 
is  an  auto-valve  mechanism  12.  This  mechanism  12 
controls  the  opening  and  closing  of  the  gas  supply  line 
86  and  controls  the  automatic  release  of  excess  gas. 

The  overall  flow  of  gas  is  as  follows.  Exhaled  air 
from  the  mouthpiece  62  of  the  mouthpiece  unit  6  passes 
through  the  exhalation  air  hose  4  and  exhalation  air  pas- 
sage  31  and  accumulates  in  the  exhalation  air  bag  9.  At 
the  time  of  the  inhalation  action,  the  exhaled  air  accu- 
mulated  here  is  passed  through  the  carbon  dioxide 
adsorption  apparatus  7  where  carbon  dioxide  is 
removed  and  then  the  air  is  purified  and  flows  into  the 
inhalation  air  passage  32.  The  exhaled  air  thus  purified 
accumulates  in  the  inhalation  air  bag  1  1  and  is  also  sup- 
plied  to  the  interior  of  the  mouthpiece  unit  6  via  the  inha- 
lation  air  hose  5  for  use  in  inhalation.  Inside  the 
mouthpiece  unit  6,  a  constant  flow  of  new  gas  for  inha- 
lation  is  introduced  from  the  cylinder  8  through  the  gas 
supply  line  84,  so  a  mixture  of  these  gases  is  supplied 
as  the  gas  for  inhalation. 

Figure  3  shows  the  exhalation  air  bag  9.  This  air 
bag  9  is  an  elastic  bag  molded  from  flexible  raw  materi- 
als,  so  it  is  able  to  expand  and  contract  with  the  breath- 
ing  action.  Formed  on  the  upper  edge  of  the  air  bag  9  is 
a  connector  91  that  couples  to  the  connector  312 
formed  on  the  canister  3  described  above.  This  connec- 
tor  91  is  of  the  screw-in  type,  so  it  connects  to  the  above 
connector  312  in  such  manner  that  it  is  removable. 
Therefore,  the  work  of  replacing  the  air  bag  9  of  this 
example  can  be  performed  simply. 

Here,  the  air  bag  9  of  this  example  is  a  seamless 
one-piece  polyurethane  molding.  In  addition,  the  air  bag 
9  is  molded  by  means  of  the  blow  molding  method. 

On  the  other  hand,  the  inhalation  air  bag  1  1  is  also 
a  seamless  one-piece  polyurethane  molding  like  the 
exhalation  air  bag  9.  In  addition,  formed  upon  its  upper 
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edge  is  a  screw-in  type  connector  for  the  canister  3,  so 
it  is  easily  replaceable. 

In  this  manner  the  air  bags  9  and  1  1  of  this  example 
are  seamless  one-piece  polyurethane  moldings.  In  con- 
trast,  the  air  bags  used  conventionally  consist  of  rubber-  s 
ized  fabric,  rubber  moldings  or  nylon  fabric  with  a 
coating  of  polyurethane  or  other  material,  molded  into  a 
bag  shape  by  means  of  fusing  or  adhesion.  However,  if 
such  seams  are  present,  stable  production  manage- 
ment  is  difficult.  This  is  because  the  strength  of  the  to 
seams  must  be  inspected  on  each  individual  product, 
requiring  large  amounts  of  time.  In  the  present  inven- 
tion,  there  are  no  seams,  so  quality  control  is  simplified. 

In  addition,  the  air  bags  of  this  example  are  poly- 
urethane  moldings  so  they  are  provided  with  a  high  tear  15 
strength  and  thus  their  durability  and  other  characteris- 
tics  are  superior  to  those  of  conventional  air  bags  made 
of  rubber  or  other  materials.  Moreover,  since  the  air 
bags  are  conventionally  presumed  to  be  for  semiperma- 
nent  use,  no  consideration  is  made  with  regard  to  their  20 
replacement.  However,  in  actual  use  over  long  periods, 
mold  and  the  like  begins  to  form,  necessitating  their 
replacement.  In  this  case,  in  this  example,  the  screw-on 
type  air  bags  can  be  simply  replaced. 

In  addition  to  this  point,  by  preparing  air  bags  of  dif-  25 
ferent  volumes  depending  on  the  lung  capacity  of  the 
user,  it  is  possible  to  attach  optimal  air  bags  that  are 
matched  to  the  user.  By  preparing  two  sizes  of  air  bags, 
an  L  size  (2.1  liters)  and  an  S  size  (1  .6  liters),  for  exam- 
ple,  it  is  possible  to  attach  air  bags  that  are  matched  to  30 
the  lung  capacity  which  differs  according  to  the  individ- 
ual  person. 

Next,  in  the  exhalation  air  bag  9  of  this  example,  a 
water  draining  apparatus  1  30  used  to  expel  water  that 
collects  at  the  bottom  of  the  air  bag  is  attached  to  its  out-  35 
side  surface  9a.  This  water  draining  apparatus  130  has 
a  pressure  chamber  131  that  is  able  to  be  compressed 
and  expanded  and  that  is  attached  to  the  outside  sur- 
face  9a  of  the  air  bag  9,  a  tube  132a  that  communicates 
with  this  pressure  chamber,  and  a  tube  that  is  con-  40 
nected  to  this  tube  132a  via  a  check  valve  133,  where 
the  other  end  of  this  tube  1  34  is  connected  to  an  open- 
ing  92  in  the  bottom  of  the  air  bag  9.  In  addition, 
between  this  tube  1  32a  and  the  check  valve  1  35  is  con- 
nected  a  tube  1  32  via  check  valve  1  33,  and  the  external  45 
opening  end  132b  which  is  the  tip  of  this  tube  132  is 
open  to  the  outside  on  the  back  side  of  apparatus  1 
(namely,  the  side  facing  the  back  of  the  diver).  Check 
valve  1  35  permits  the  passage  of  fluid  only  toward  the 
side  of  the  pressure  chamber,  while  check  valve  133  so 
permits  the  passage  of  fluid  only  toward  the  side  of  the 
external  opening  end  132b. 

In  a  water  draining  apparatus  130  of  such  constitu- 
tion,  with  the  expansion  and  contraction  action  of  the 
exhalation  air  bag  9,  the  pressure  chamber  131  55 
attached  to  its  outside  surface  9a  contracts  and 
expands,  performing  a  pumping  action,  thereby  expel- 
ling  the  water  that  collects  at  the  bottom  of  the  air  bag  9 
through  the  external  opening  end  132b  to  the  outside. 

In  the  exhalation  air  bag  9  of  this  example,  in  order 
that  the  pressure  chamber  131  of  this  water  draining 
apparatus  can  be  attached  to  the  central  portion  of  its 
outside  surface  9a,  a  mounting  9c  is  also  part  of  the 
one-piece  molding.  Moreover,  a  mounting  9d  for  attach- 
ing  the  exhalation  air  bag  9  to  the  main-unit  housing  2  is 
also  part  of  the  one-piece  molding. 

Note  that  in  this  example,  the  air  bag  is  molded 
from  polyurethane  resin,  but  instead,  flexible  polyethyl- 
ene,  polyvinyl  acetate-polyethylene  copolymer  resin, 
flexible  polyvinyl  chloride,  various  elastomer  resins,  sili- 
cone  rubber,  rubber  or  other  materials  may  be  used. 

(Structure  of  the  Regulator) 

The  regulator  83  of  the  semiclosed-circuit  breathing 
apparatus  of  this  example,  as  described  previously, 
reduces  the  pressure  of  the  gas  supplied  from  the 
breathing  gas  cylinder  and  supplies  the  gas  at  a  con- 
stant  pressure.  Typically,  the  gas  supplied  from  the 
breathing  gas  cylinder  is  lowered  in  pressure  by  a  first- 
stage  regulator  to  roughly  9  to  10  kg/cm2,  and  then  it  is 
further  lowered  in  pressure  by  a  second-stage  regulator. 

A  regulator  of  a  structure  such  as  that  shown  in  Fig- 
ure  5,  for  example,  is  used  as  this  first-stage  regulator. 
This  regulator  1  00  is  a  non-pressure  sensitive  regulator, 
in  that  it  functions  to  maintain  a  constant  supply  of  gas 
even  if  the  ambient  pressure  should  change.  In  this  reg- 
ulator  100  is  formed  a  communicating  chamber  101  that 
communicates  with  the  valve  of  the  breathing  gas  cylin- 
der  (not  shown).  The  high-pressure  gas  supplied  from 
the  cylinder  to  here  passes  through  an  on/off  valve 
mechanism  104  consisting  of  a  piston  valve  body  102 
and  a  valve  seat  103,  through  a  communicating  pas- 
sage  105  formed  within  a  piston  rod  102a  and  is  sup- 
plied  to  a  pressure  chamber  106.  The  pressure 
chamber  1  06  is  partitioned  by  a  piston  head  1  07,  and 
communicates  via  a  low-pressure  port  1  08  to  the  side  of 
a  second-stage  regulator  (not  shown).  The  piston  head 
1  07  is  pushed  from  behind  by  a  coil  spring  1  09  so  that  it 
always  maintains  a  constant  elastic  force.  An  O-ring  1  1  0 
is  attached  to  the  peripheral  surface  of  the  piston  head 
107,  forming  an  air-tight  seal  with  the  pressure  setting 
chamber  1  1  1  in  which  the  coil  spring  109  is  mounted  on 
its  back  side.  In  a  similar  manner,  an  O-ring  1  12  is  also 
attached  to  the  periphery  of  the  tip  side  of  the  piston  rod 
102a  in  order  to  form  an  air-tight  seal  between  the  pres- 
sure  setting  chamber  1  1  1  and  the  communicating  pas- 
sage  105. 

In  the  state  in  which  the  valve  of  the  breathing  gas 
cylinder  is  closed,  as  shown  in  Figure  5,  the  piston  head 
107  is  pushed  by  the  spring  109  toward  the  side  of  the 
pressure  chamber  1  06,  and  the  on/off  valve  mechanism 
104  is  open.  When  the  valve  is  opened,  high-pressure 
gas  enters  from  the  cylinder  into  the  communicating 
chamber  101,  passes  through  the  on/off  valve  mecha- 
nism  1  04  and  communicating  passage  1  05  and  enters 
the  pressure  chamber  106.  Here,  if  the  low-pressure 
port  108  is  closed,  the  pressure  within  the  pressure 
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chamber  106  rises.  As  the  pressure  rises  until  it 
reaches  the  set  pressure,  the  piston  head  1  07  is  pushed 
by  the  pressure  within  the  pressure  chamber  in  the 
direction  of  the  pressure  setting  chamber,  against  the 
spring  force,  until  the  on/off  valve  mechanism  104 
closes  and  the  supply  of  high-pressure  gas  is  halted.  If 
the  low-pressure  port  108  is  opened,  the  gas  within  the 
pressure  chamber  1  06  is  fed  through  here  to  the  various 
parts  of  the  external  apparatus,  so  the  pressure  within 
this  pressure  chamber  drops.  When  the  pressure  drops 
below  the  set  pressure,  the  piston  head  1  07  is  pushed 
by  the  spring  force  toward  the  side  of  the  pressure 
chamber,  the  on/off  valve  mechanism  104  opens  and 
the  supply  of  high-pressure  gas  resumes.  In  this  man- 
ner,  the  interior  of  the  pressure  chamber  is  maintained 
at  the  set  pressure,  so  gas  of  a  pressure  lowered  to  the 
set  pressure  is  supplied  via  the  low-pressure  port  1  08  to 
the  various  parts. 

In  such  a  regulator,  gas  at  a  pressure  higher  than 
the  set  pressure  may  be  supplied  from  the  low-pressure 
port  108  to  the  various  parts  for  the  following  reasons. 
To  wit,  if  there  is  a  flaw  or  the  like  on  the  piston  valve 
body  102  or  seat  103  that  make  up  the  on/off  valve 
mechanism  104,  or  if  there  is  a  manufacturing  or  instal- 
lation  or  other  error  in  these  components,  even  when 
the  pressure  within  the  pressure  chamber  exceeds  the 
set  pressure,  there  is  a  risk  that  this  on/off  valve  mech- 
anism  104  will  not  seal  completely,  and  high-pressure 
gas  will  leak  into  the  interior  of  the  pressure  chamber, 
resulting  in  gas  of  a  pressure  higher  than  the  set  pres- 
sure  being  supplied. 

In  addition,  if  the  O-rings  1  10  or  1  12  are  damaged 
or  deformed,  or  if  the  inside  surfaces  that  they  contact 
are  damaged  or  deformed,  there  is  a  risk  that  they  will 
not  form  completely  air-tight  seals,  and  high-pressure 
gas  will  leak  through  them  into  the  interior  of  the  pres- 
sure  setting  chamber  111.  If  high-pressure  gas  enters 
the  interior  of  the  pressure  setting  chamber,  the  set 
pressure  will  be  determined  by  the  sum  of  the  spring 
force  of  the  coil  spring  and  the  pressure  of  the  gas  that 
has  entered  here,  so  the  set  pressure  will  increase  and 
gas  of  a  pressure  higher  than  the  set  pressure  will  be 
supplied  from  the  low-pressure  port  1  08  to  the  various 
parts. 

In  order  to  avoid  these  ill  effects,  an  underwater 
breathing  apparatus  regulator  that  reduces  the  pressure 
of  high-pressure  gas  supplied  from  a  breathing  gas  cyl- 
inder  to  a  pressure  that  is  set  in  advance  before  sending 
it  out  from  a  low-pressure  port  should  adopt  the  follow- 
ing  structure.  To  wit,  it  should  adopt  a  regulator  with  a 
structure  comprising:  a  partitioned  chamber  formed 
within  a  regulator  housing,  a  piston  movably  disposed 
within  this  partitioned  chamber  such  that  it  partitions 
said  partitioned  chamber  into  a  pressure  chamber  and 
pressure  setting  chamber,  a  communicating  passage 
formed  in  a  state  such  that  it  penetrates  this  piston  and 
permits  the  gas  supply  side  of  said  breathing  gas  cylin- 
der  to  communicate  with  said  pressure  chamber,  push- 
ing  means  that  continually  pushes  said  piston  toward 

the  side  of  said  pressure  chamber  with  a  set  elastic 
force,  a  valve  mechanism  that  seals  said  communicat- 
ing  passage  when  said  piston  moves  against  said  elas- 
tic  force  by  a  fixed  amount  of  motion  toward  the  side  of 

5  said  pressure  setting  chamber,  and  a  relief  valve  that 
maintains  the  pressure  within  said  pressure  setting 
chamber  at  a  pressure  below  the  set  pressure. 

Here,  it  is  further  desirable  that  a  second  relief  valve 
that  communicates  with  said  low-pressure  port  be  pro- 

10  vided,  so  that  the  pressure  of  the  inhalation  gas  sent  out 
from  this  low-pressure  port  is  maintained  below  the 
pressure  previously  set. 

In  a  regulator  of  this  structure,  a  relief  valve  is 
attached  to  the  pressure  setting  chamber  in  order  to 

15  prevent  an  increase  in  the  internal  pressure.  Therefore, 
in  the  event  that  high-pressure  gas  should  enter  within 
this  pressure-setting  chamber  and  the  internal  pressure 
exceeds  the  set  value,  the  high-pressure  gas  is 
released  to  the  outside  through  the  relief  valve.  Thus, 

20  the  set  pressure  is  always  maintained  at  the  value 
determined  by  the  pushing  means  without  the  pressure 
setting  chamber  reaching  high  pressure. 

In  addition,  by  providing  a  second  relief  valve  on  the 
low-pressure  port  side  also,  in  the  event  that  the  high- 

25  pressure  gas  cylinder  side  should  open  suddenly,  or 
should  the  low-pressure  port  side  open  suddenly  so  that 
high-pressure  gas  enters  the  interior  of  the  pressure 
chamber,  one  can  temporarily  prevent  the  high  pressure 
from  acting  unhindered  on  the  various  parts  on  the  low- 

30  pressure  port  side.  To  wit,  it  is  possible  to  prevent  dam- 
age  to  various  parts  and  the  like  due  to  the  temporary 
sudden  action  of  high-pressure  gas. 

Here  follows  a  specific  example  of  a  non-pressure 
sensitive  regulator  provided  with  the  above  constitution, 

35  in  reference  to  Figure  4.  This  regulator  is  incorporated 
into  the  semiclosed-circuit  breathing  apparatus  1  shown 
in  Figures  1  and  2  as  the  regulator  83. 

In  the  figure,  831  is  a  regulator  housing  in  which  is 
disposed  a  piston  834  consisting  of  a  piston  head  832 

40  and  piston  rod  833.  A  partitioned  chamber  835  formed 
within  the  housing  is  divided  into  two  by  means  of  the 
piston  head  832,  so  that  a  pressure  chamber  836  is 
formed  in  front  of  the  head  and  a  pressure  setting  cham- 
ber  837  is  formed  behind  the  head.  These  two  cham- 

45  bers  are  partitioned  in  the  air-tight  state  by  means  of  an 
O-ring  838  attached  to  the  peripheral  surface  of  the  pis- 
ton  head.  Within  the  pressure  setting  chamber  837,  a 
coil  spring  840  is  placed  between  the  back  surface  of 
the  piston  head  832  and  a  spring  seat  839  formed  within 

so  the  housing,  such  that  the  head  is  pushed  toward  the 
side  of  the  pressure  chamber.  The  pressure  chamber 
836  communicates  via  a  low-pressure  port  850  to  the 
various  supply  lines  84,  85,  86,  etc. 

The  piston  rod  833  extends  through  a  penetration 
55  hole  841  formed  within  the  housing  and  its  tip  protrudes 

within  a  communicating  chamber  842  that  communi- 
cates  with  the  gas  discharge  outlet  81  side  of  the 
breathing  gas  cylinder.  A  communicating  hole  843  is 
formed  in  the  interior  of  piston  rod  833  along  its  axial 
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direction,  and  this  communicating  hole  843  permits 
communication  between  the  pressure  chamber  836  and 
the  communicating  chamber  842.  An  air-tight  seal  is 
formed  between  the  communicating  chamber  842  and 
the  pressure  setting  chamber  837  by  means  of  an  O-  5 
ring  844. 

Within  the  communicating  chamber  842,  a  valve 
seat  846  is  held  by  a  guide  845  that  is  held  in  such  man- 
ner  that  it  is  able  to  move  in  its  axial  direction,  and  this 
valve  seat  846  is  supported  by  a  seat  receptacle  847.  10 
Here,  an  annular  valve  body  848  is  formed  on  the  tip  of 
said  piston  rod  833,  and  this  valve  body  848  together 
with  the  valve  seat  846  form  an  on/off  valve  mechanism 
849.  This  on/off  valve  mechanism  849  is  normally  open, 
but  when  the  piston  head  832  moves  toward  the  pres-  15 
sure  setting  chamber  837  against  the  spring  force,  it 
becomes  closed.  Note  that  attached  within  the  commu- 
nicating  chamber  842  is  a  filter  852  supported  by  a  filter 
bracket  851  . 

Note  that  853  is  a  yoke  and  854  is  a  yoke  knob  20 
attached  to  it.  The  tip  of  the  yoke  853  is  attached  to  the 
outside  surface  of  the  housing  831  . 

Here,  a  relief  valve  860  is  attached  to  the  side  wall 
of  the  housing  831  .  This  valve  860  consists  of  a  commu- 
nicating  chamber  861  that  communicates  with  the  pres-  25 
sure  setting  chamber  837,  a  valve  body  862  placed 
inside  this  chamber,  a  coil  spring  863  that  pushes  the 
valve  body,  a  valve  cover  864  and  an  outside-communi- 
cating  chamber  865  that  is  open  to  the  outside.  The 
valve  body  862  is  continually  pushed  by  the  coil  spring  30 
863  against  a  seat  surface  consisting  of  an  O-ring  866, 
isolating  the  communicating  chamber  861  from  the  out- 
side-communicating  chamber  865. 

Next,  attached  to  a  communicating  path  870  by 
which  the  low-pressure  port  850  and  pressure  chamber  35 
836  communicate  is  a  second  relief  valve  880.  This 
relief  valve  880  also  has  the  same  structure  as  the  relief 
valve  860  described  above.  To  wit,  it  is  provided  with  a 
valve  body  882  that  is  pushed  by  spring  force,  and  this 
valve  body  882  isolates  the  outside-communicating  40 
chamber  885  from  the  side  of  the  pressure  chamber 
836.  When  the  valve  body  882  moves  against  the  spring 
force,  the  pressure  chamber  836  communicates  with 
the  outside-communicating  chamber  885,  so  the  pres- 
sure  within  the  pressure  chamber  is  released  into  the  45 
outside. 

Here  follows  an  explanation  of  the  regulator  83  of 
such  structure.  First,  when  the  gas  discharge  outlet  81 
is  closed,  the  piston  head  832  is  pushed  by  spring  force 
toward  the  side  of  the  pressure  chamber,  so  the  on/off  so 
valve  mechanism  849  is  open.  In  addition,  in  the  relief 
valve  860,  the  valve  body  862  is  pushed  by  spring  force 
so  that  the  outside-communicating  chamber  865  is  iso- 
lated  from  the  side  of  the  pressure  setting  chamber  837. 

When  the  gas  discharge  outlet  81  is  opened,  high-  55 
pressure  gas  passes  through  the  communicating  cham- 
ber  842  and  on/off  valve  mechanism  849  and  enters  the 
interior  of  the  pressure  chamber  836  via  the  communi- 
cating  hole  843.  Here,  when  the  downstream  side  of  the 

low-pressure  port  850  is  closed,  the  internal  pressure  of 
the  pressure  chamber  836  increases.  When  the  internal 
pressure  exceeds  the  set  pressure,  the  piston  head  832 
is  pushed  toward  the  pressure  setting  chamber  837  and 
moves  against  the  spring  force.  As  a  result,  the  on/off 
valve  mechanism  849  is  closed  and  the  supply  of  high- 
pressure  gas  is  halted.  When  the  downstream  side  of 
the  low-pressure  port  850  opens  and  the  supply  of  low- 
pressure  gas  begins,  the  internal  pressure  within  the 
pressure  chamber  decreases,  so  the  piston  head  832  is 
pushed  by  spring  force  toward  the  pressure  chamber 
and  the  on/off  valve  mechanism  849  again  opens  and 
the  supply  of  high-pressure  gas  resumes.  Through  the 
repetition  of  this  action,  gas  of  the  set  pressure  is  sup- 
plied  from  the  low-pressure  port  850  to  the  various  sup- 
ply  lines  84  through  86. 

Here  follows  a  description  of  the  action  in  the  event 
that  a  leak  of  high-pressure  gas  occurs,  and  the  leaking 
high-pressure  gas  enters  the  interior  of  the  pressure 
setting  chamber  837.  In  this  case,  the  internal  pressure 
of  the  pressure  setting  chamber  increases  due  to  the 
gas  that  enters.  When  this  internal  pressure  rises  above 
a  fixed  value,  the  valve  body  862  of  the  relief  valve  860 
is  pushed  by  the  rising  pressure  and  moves  against  the 
spring  force.  As  a  result,  the  pressure  setting  chamber 
837  and  the  outside-communicating  chamber  865  are 
put  into  the  communicating  state.  For  this  reason,  the 
gas  within  the  pressure  setting  chamber  is  released  into 
the  outside  via  the  relief  valve,  when  the  internal  pres- 
sure  of  the  pressure  setting  chamber  drops,  the  relief 
valve  860  again  closes. 

In  this  manner,  in  this  example,  a  structure  is 
adopted  in  which  a  relief  valve  860  is  attached  to  the 
regulator  83,  so  even  if  a  leak  of  high-pressure  gas 
occurs  in  the  interior  of  the  regulator,  this  will  block  the 
normal  operation  of  the  regulator,  so  gas  at  a  pressure 
higher  than  the  set  pressure  will  not  be  supplied  to  the 
side  of  the  supply  lines  84  through  86. 

In  addition,  in  this  example,  a  structure  is  adopted 
in  which  a  second  relief  valve  880  is  also  placed  on  the 
side  of  the  low-pressure  port  850.  Therefore,  even  if  the 
pressure  chamber  836  should  be  temporarily  put  into 
the  high-pressure  state,  high-pressure  gas  is  prevented 
from  being  sent  out  uncontrollably  from  the  low-pres- 
sure  port  850.  In  this  case,  the  second  relief  valve  880 
opens  and  the  pressure  of  the  pressure  chamber  836  is 
lowered  to  a  previously  set  pressure.  Therefore,  even 
when  a  valve  is  opened  rapidly  or  other  case  in  which 
high-pressure  gas  is  supplied,  it  is  possible  to  prevent 
high-pressure  gas  from  temporarily  acting  on  the  side  of 
the  low-pressure  port.  In  addition,  even  in  the  case  in 
which  the  relief  valve  860  does  not  function  normally, 
this  second  relief  valve  880  has  the  effect  of  maintaining 
the  gas  sent  from  the  low-pressure  port  at  a  pressure 
below  a  fixed  pressure. 

Note  that  a  regulator  of  the  structure  described 
above  can  also  be  applied  to  closed-circuit  breathing 
apparatus,  for  example,  or  other  breathing  apparatus  of 
a  form  other  than  semiclosed-circuit  breathing  appara- 
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tus. 
As  described  above,  a  relief  valve  is  placed  in  the 

regulator  of  a  semiclosed-circuit  breathing  apparatus 
used  to  reduce  the  pressure  of  gas  supplied  from  a 
breathing  gas  cylinder,  so  that  high-pressure  gas  that 
leaks  within  the  regulator  passes  through  the  relief  valve 
and  is  released  into  the  outside.  Therefore,  by  means  of 
the  present  invention,  it  is  possible  to  avoid  the  ill  effects 
caused  by  high-pressure  gas  leaking  into  the  interior  of 
the  regulator  and  resulting  in  gas  at  a  pressure  higher 
than  the  set  pressure  being  supplied  to  the  down- 
stream  side  of  the  breathing  circuit.  In  addition,  by  plac- 
ing  a  second  relief  valve  such  that  it  communicates  with 
the  side  of  the  low-pressure  port,  the  gas  sent  out  from 
the  low-pressure  port  will  be  reliably  maintained  at  a 
pressure  lower  than  the  set  pressure. 

Industrial  Applicability 

As  explained  in  the  foregoing,  the  air  bags  for 
underwater  breathing  apparatus  of  the  present  inven- 
tion  are  characterized  in  that  they  are  seamless  one- 
piece  moldings  molded  from  synthetic  resin.  By  means 
of  the  present  invention,  the  air  bags  have  no  seams  like 
those  present  in  the  prior  art,  so  there  is  no  need  for 
inspection  of  the  strength  of  seams,  simplifying  produc- 
tion  management. 

In  addition,  the  breathing  gas  circulation  openings 
of  the  air  bags  have  a  screw-in  type  removable  struc- 
ture,  so  the  work  of  replacing  the  air  bags  can  be  per- 
formed  simply.  In  addition,  replacement  is  simple,  so  by 
preparing  air  bags  of  different  volumes  depending  on 
differences  in  the  lung  capacity  of  the  user,  it  is  possible 
to  attach  optimal  air  bags  that  are  matched  to  the  user. 

Moreover,  in  the  present  invention,  the  air  bags  are 
molded  from  polyurethane  resin.  By  using  polyurethane 
resin,  its  tear  strength  is  higher  than  that  of  the  conven- 
tional  air  bags,  so  durability  and  the  like  can  be 
increased. 

Moreover,  in  the  present  invention,  the  air  bags  are 
molded  by  means  of  the  blow  molding  method.  By 
adopting  this  molding  method,  stability  of  sizes  and 
good  suitability  to  mass  production  can  be  achieved. 

Claims 

1  .  Air  bags  for  semiclosed  circuit  breathing  apparatus 
that  are  breathing  air  bags  for  semiclosed  circuit 
breathing  apparatus,  characterized  in  that  said 
breathing  air  bags  are  seamless  one-piece  mold- 
ings  molded  from  synthetic  resin. 

2.  Air  bags  according  to  claim  1,  wherein  the  breath- 
ing  gas  circulation  openings  of  the  air  bags  have  a 
screw-in  type  removable  structure  with  respect  to 
the  main  unit  side  of  the  semiclosed  circuit  breath- 
ing  apparatus. 

3.  Air  bags  according  to  claims  1  or  2,  wherein  the 
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one-piece  moldings  are  molded  of  polyurethane 
resin. 

4.  Air  bags  according  to  claims  1  ,  2  or  3,  wherein  the 
5  molding  is  performed  by  means  of  the  blow  molding 

method. 
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