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(54)  BREATHING  HOSE  FOR  A  DIVING  BREATHING  DEVICE 

(57)  When  viewed  in  a  cross  section  taken  along  an 
axial  direction  (50a),  a  breathing  hose  (50)  for  a  diving 
breathing  device  comprises  a  circumferential  wall  (51) 
constituted  by  an  outwardly  projecting  thicker  portions 
(52)  flat  on  an  internal  circumferential  surface  thereof 
and  thinner  portions  (53)  bent  inwardly  at  a  small  curva- 
ture  which  are  disposed  in  an  alternate  fashion.  Since 
the  internal  circumferential  surface  (51a)  is  practically  a 
flat  surface,  there  is  no  risk  of  causing  a  sanitary  prob- 
lem  as  is  encountered  with  a  bellows  hose  where  dirty 
matters  accumulate  in  recessed  portions  to  permet 
propagation  of  various  germs.  In  addition,  thinner  por- 
tions  provide  flexibility  required  for  a  breathing  hose. 
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Description 

Technical  Field 

This  invention  relates  to  an  improved  flexible 
breathing  air  hose  used  in  underwater  breathing  appa- 
ratus. 

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  once  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.  How- 
ever,  the  carbon  dioxide  adsorbent  used  in  closed-cir- 
cuit  and  semiclosed-circuit  breathing  apparatus 
unavoidably  suffers  a  marked  decrease  in  function  upon 
the  entry  of  water.  Therefore,  this  closed-circuit  and 
semiclosed-circuit  breathing  apparatus  had  been  used 

primarily  by  military  and  professional  divers  as  consid- 
erable  training  was  necessary  to  prevent  the  entry  of 
water  from  the  mouthpiece  portions  which  were  of  the 
manually  opened  and  closed  type.  Yet  in  order  for  a  lei- 

5  sure  diver  to  use  this  apparatus  easily  without  making 
mistakes,  according  to  a  certain  manufacturer,  at  least 
forty  hours  of  training  time  is  said  to  be  necessary  with 
the  conventional  manual  type,  so  the  training  time  is 
much  too  long  for  the  leisure  diver.  In  addition,  training 

10  costs  naturally  also  begin  to  mount. 
Moreover,  closed-circuit  breathing  apparatus  is 

equipped  with  oxygen  concentration  sensors  and  the 
like,  thus  requiring  considerable  training  in  its  handling, 
control  and  monitoring.  In  contrast,  semiclosed-circuit 

15  breathing  apparatus  has  no  such  equipment  and  there- 
fore  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-circuit  breathing  apparatus 
has  become  simpler  than  in  the  past,  can  be  used  easily 

20  and  is  extremely  convenient. 
In  order  to  permit  more  easy  use,  the  present  inven- 

tors  have  previously  proposed,  in  Japanese  Patent 
Application  No.  5-274843,  semiclosed-circuit  breathing 
apparatus  wherein  the  supply  of  breathing  gas  from  the 

25  gas  cylinders  can  be  controlled  easily,  the  passage  for 
inhalation  gas  is  automatically  shut  off  in  the  event  that 
the  mouthpiece  should  come  out  of  the  mouth  of  the 
diver,  and  the  entry  of  water  into  the  interior  of  the  appa- 
rats  is  automatically  prevented. 

30  Here  follows  a  description  of  the  constitution  of  this 
semiclosed  circuit  breathing  apparatus  with  reference  to 
Figures  9  through  13. 

As  shown  in  Figure  9,  the  semiclosed-circuit 
breathing  apparatus  1  of  this  example  is  equipped  with 

35  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  center  of  the  opposing  surface  is 

40  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 
adsorption  apparatus.  This  canister  takes  an  overall 

45  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 
mouthpiece  unit  6. 

so  As  evident  from  Figure  10,  the  inhaled/exhaled  air 
circulation  chamber  61  within  the  mouthpiece  unit  6 
communicates  with  the  exhalation  air  hose  4  and  inha- 
lation  air  hose  5.  The  other  ends  of  the  exhalation  air 
hose  4  and  inhalation  air  hose  5  communicate  with 

55  either  side  of  the  cylindrical  canister  3  with  a  built-in  car- 
bon  dioxide  adsorption  apparatus  7.  In  other  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  inhalation  air  pas- 
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sage  32  are  formed  on  either  side.  A  breathing  gas  cyl- 
inder  8  is  placed  vertically  in  the  center  of  the  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  5 
inhalation  air  bag  11.  The  exhalation  air  bag  9  commu- 
nicates  with  the  exhalation  air  passage  31  of  the  canis- 
ter  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  10 
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  15 
of  these,  three  are  used  for  the  remaining-pressure 
gage,  the  buoyancy  compensator  and  the  octopus  rig 
(not  shown).  The  remaining  line  branches  into  three 
lines  in  the  middle,  and  one  of  these  lines,  gas  supply 
line  84,  passes  through  the  inhalation  air  passage  32  of  20 
the  canister  3  with  built-in  carbon  dioxide  adsorption 
apparatus  and  through  the  inhalation  air  hose  5,  extend- 
ing  to  the  middle  of  the  mouthpiece.  At  an  intermediate 
position  is  interposed  a  flow  rate  adjustment  orifice  84a, 
by  which  the  flow  rate  is  adjusted  to  4  to  5  liters/minute  25 
when  converted  to  atmospheric  pressure  and  supplied 
to  the  interior  of  the  mouthpiece.  Another  of  the  lines, 
gas  supply  line  85,  is  a  purge  gas  supply  line  used  to 
purge  water  from  the  interior  of  the  mouthpiece  unit  6, 
extending  to  the  interior  of  the  mouthpiece  unit  6  in  the  30 
same  manner  as  gas  supply  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  passage  32  of  canister  3. 

Mounted  to  the  end  of  the  inhalation  side  of  the  can-  35 
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  40 
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  45 
adsorption  apparatus  7  where  carbon  dioxide  is 
removed  and  the  air  is  purified  and  flows  into  the  inhala- 
tion  air  passage  32.  The  purified  exhaled  air  accumu- 
lates  in  the  inhalation  air  bag  1  1  and  is  also  supplied  to 
the  interior  of  the  mouthpiece  unit  6  via  the  inhalation  air  so 
hose  5  for  use  in  inhalation.  Inside  the  mouthpiece  unit 
6,  a  constant  flow  of  new  gas  for  inhalation  is  introduced 
from  the  cylinder  8  through  the  gas  supply  line  84,  so  a 
mixture  of  these  gases  is  supplied  as  the  gas  for  inhala- 
tion.  55 

Figures  11,12  and  13  show  the  mouthpiece  unit, 
the  mouthpiece  unit  6  consists  of  a  breath  circulation 
chamber  61  formed  within  a  case  63  that  takes  an  over- 
all  rectangular  shape  and  a  mouthpiece  62  attached  to 
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an  opening  63a  opened  in  one  side  of  the  case  63.  On 
either  side  (left  and  right)  of  the  case  63  are  opened  an 
exhalation  opening  64  and  an  inhalation  opening  65, 
respectively.  The  exhalation  air  hose  4  is  connected  to 
the  exhalation  opening  64  via  a  check  valve  66  that  per- 
mits  the  passage  of  fluid  only  toward  the  exhalation  air 
hose  4.  In  the  same  manner,  the  inhalation  air  hose  5  is 
connected  to  the  inhalation  opening  65  via  a  check 
valve  67  that  permits  the  passage  of  fluid  only  away 
from  the  inhalation  air  hose  5.  In  addition,  the  two  gas 
supply  lines  84  and  85  placed  therein  extend  through 
the  inhalation  opening  65  into  the  interior  of  the  breath 
circulation  chamber  61  within  the  mouthpiece  unit.  As 
shown  in  Figure  12,  within  the  breath  circulation  cham- 
ber  61,  on/off  valves  611  and  612  are  attached  to  the 
inside  surface  of  its  end  wall  61a.  On/off  valve  611  is 
connected  to  gas  supply  line  84  and  on/off  valve  612  is 
connected  to  gas  supply  line  85.  These  on/off  valves 
611  and  612  are  opened  by  pressing  their  actuation 
rods  611a  and  612a,  resulting  in  gas  being  supplied  to 
the  interior  of  the  breath  circulation  chamber  61  . 

Contacting  the  tip  of  actuation  rod  611a  of  on/off 
valve  61  1  used  to  supply  breathing  gas  is  the  lower  end 
of  a  swivel  plate  613  used  to  move  the  rod.  This  swivel 
plate  613  is  supported  by  a  rotating  shaft  614  at  a  posi- 
tion  at  its  center  in  the  up  and  down  direction.  This  rotat- 
ing  shaft  614  spans  the  space  between  the  side  walls 
61b  and  61  c  of  the  case  63  in  such  manner  that  it  is  free 
to  rotate.  The  top  end  of  this  swivel  plate  613  is  coupled 
to  the  root  end  of  a  horizontal  travel  plate  615  in  such 
manner  that  it  is  free  to  rotate.  This  horizontal  travel 
plate  615  is  placed  at  a  position  at  the  height  of  the 
opening  63a  and  a  cylindrical  protrusion  615a  portion  at 
its  tip  penetrates  the  end  wall  61  a  of  the  case,  extending 
to  the  outside.  Attached  to  the  this  protruding  portion  is 
a  disk-shaped  pushbutton  616.  Note  that  elastic  force  is 
constantly  applied  to  this  horizontal  travel  plate  615  in 
the  direction  of  the  end  wall  61a  by  a  spring  member 
(not  shown),  and  thus  the  pushbutton  616  attached  to 
its  tip  is  kept  in  contact  with  a  pushbutton  stop  616a 
attached  to  the  case  end  wall  61a. 

On  the  other  hand,  connected  to  the  root  end  of  the 
horizontal  travel  plate  615  is  the  root  end  of  a  pair  of 
chewing  pieces  617.  The  tip  ends  of  these  chewing 
pieces  617  protrude  through  the  opening  63a  to  a  posi- 
tion  on  the  outside  surface  of  the  mouthpiece  62.  This 
protruding  part  is  formed  with  thick  walls  so  that  it  can 
be  easily  held  in  the  teeth  of  the  diver. 

Next,  as  is  evident  from  Figure  12(B)  and  Figure  13, 
attached  to  the  exhalation  air  hose  connection  side  of 
the  rotating  shaft  614  is  an  exhalation  air  hose  blocking 
valve  621  .  Below  this  exhalation  air  hose  blocking  valve 
621  is  positioned  an  opening  623  of  an  exhalation  air 
passage  622  that  communicates  to  the  exhalation 
opening  64.  A  spring  member  624  is  stretched  across 
the  space  between  valve  621  and  the  interior  of  this 
opening  623.  Therefore,  in  the  normal  state,  this  open- 
ing  623  is  blocked  by  valve  621  due  to  the  spring  force 
of  this  spring  member  and  the  spring  force  of  the  afore- 
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mentioned  spring  member  pushing  against  swivel  plate 
613.  However,  when  the  aforementioned  pushbutton 
616  is  pushed,  causing  the  rotating  shaft  614  to  rotate, 
the  exhalation  air  hose  blocking  valve  621  swivels 
upward  in  a  motion  linked  to  this  rotation,  opening  the  5 
opening  623  of  the  exhalation  air  passage,  creating  a 
state  of  communication  with  the  breath  circulation 
chamber  61  within  the  mouth  piece  unit. 

Here  follows  an  explanation  of  the  operation  of  an 
inhalation  gas  supply  control  mechanism  constituted  as  10 
such.  In  the  normal  state  in  which  the  pushbutton  616  is 
not  pushed,  the  on/off  valve  61  1  attached  to  the  tip  of 
the  gas  supply  line  84  is  in  the  closed  state.  The  open- 
ing  623  of  the  exhalation  air  passage  622  is  also  sealed 
by  valve  621.  In  this  state,  when  the  pushbutton  616  is  is 
pushed  against  the  elastic  force,  this  will  cause  the  hor- 
izontal  travel  plate  615  to  move  in  the  direction  of  the 
mouthpiece  62,  and  the  chewing  pieces  617  connected 
to  its  root  end  will  extend  from  the  mouthpiece  62  to  the 
outside.  In  addition,  the  root  end  of  the  horizontal  travel  20 
plate  615  also  causes  the  swivel  plate  613  to  rotate  in 
the  direction  of  the  arrow  on  Figure  1  2(A)  about  rotating 
shaft  614  as  its  center,  and  its  lower  end  pushes  in  the 
actuation  rod  61  1  a.  As  a  result,  valve  61  1  opens  and  the 
supply  of  inhalation  gas  is  started.  Here,  the  pushbutton  25 
and  horizontal  travel  plate  61  5  are  pushed  by  the  elastic 
force  to  move  back  to  their  original  state,  but  in  the  state 
in  which  the  diver  is  biting  down  on  the  chewing  pieces 
617  with  the  mouthpiece  62  inside  his  oral  cavity  with 
his  mouth  closed,  this  state  is  maintained  as  is.  There-  30 
fore,  the  supply  of  a  constant  flow  of  inhalation  gas  will 
continue. 

Note  that  when  the  pushbutton  is  pushed  in,  the 
exhalation  air  hose  blocking  valve  621  similarly  swivels 
in  the  direction  of  the  arrows,  opening  the  opening  623  35 
of  the  exhalation  air  passage  622.  As  a  result,  the  exha- 
lation  air  hose  4  is  put  into  the  state  of  communication 
with  the  breath  circulation  chamber  61  of  the  mouth- 
piece  unit  via  check  valve  66.  Thus,  the  breathing  action 
can  be  performed.  After  a  dive  is  complete,  by  removing  40 
the  mouthpiece  62  from  one's  mouth,  the  various  parts 
are  returned  to  their  original  state  by  means  of  the  elas- 
tic  force,  and  the  supply  of  inhalation  gas  is  halted. 

Here,  in  the  event  that  the  diver  accidentally 
removes  the  mouthpiece  62  from  his  mouth,  water  45 
enters  from  the  mouthpiece  62.  Since  a  check  valve  67 
is  attached  to  the  connecting  portion  of  inhalation  air 
hose  5,  the  entry  of  water  into  the  inhalation  air  hose  5 
is  avoided,  but  there  is  a  risk  of  water  entering  the  exha- 
lation  air  hose  4.  However,  since  the  exhalation  air  hose  so 
blocking  valve  621  linked  to  the  pushbutton  616  is  pro- 
vided,  if  such  a  situation  occurs,  the  exhalation  air  hose 
blocking  valve  621  will  be  returned  to  its  original  state  by 
means  of  the  elastic  force,  so  the  opening  623  of  the 
exhalation  air  passage  622  is  blocked.  Thus  the  entry  of  55 
water  into  the  exhalation  air  hose  4  can  be  prevented. 

In  this  manner,  the  supply  of  inhalation  gas  can  be 
started  by  the  simple  operation  of  pushing  the  pushbut- 
ton  61  6  and  biting  down  on  the  chewing  pieces  61  7  with 

the  teeth.  In  addition,  if  the  mouthpiece  is  removed  from 
the  mouth,  the  supply  of  inhalation  gas  is  automatically 
halted.  Therefore,  the  supply  of  inhalation  gas  can  be 
controlled  without  the  need  for  complex  operation.  If  the 
mouthpiece  is  removed  from  the  mouth,  the  exhalation 
air  hose  can  be  automatically  closed  by  a  linked  motion, 
preventing  water  from  passing  through  the  exhalation 
air  hose  and  entering  the  interior. 

Here,  as  described  above,  the  mouthpiece  62  com- 
municates  with  the  exhalation  air  passage  31  and  inha- 
lation  air  passage  32  via  an  exhalation  air  hose  4  and 
inhalation  air  hose  5,  respectively.  The  exhalation  air 
hose  4  and  inhalation  air  hose  5  must  flex  freely  to  fol- 
low  the  motion  of  the  head  of  the  diver,  and  must  also  be 
provided  with  a  certain  degree  of  elasticity.  For  this  rea- 
son,  bellows  hose  40  as  shown  in  Figures  3  and  4  is  typ- 
ically  used. 

However,  this  bellows  hose  40  has  a  large  number 
of  curved  pleats  40b,  and  dirt  and  water  accumulates 
easily  in  these  areas.  For  this  reason,  germs  tend  to 
propagate  in  these  portions  so  this  is  a  problem  in  that 
this  is  undesirable  from  the  standpoint  of  hygiene. 

In  order  to  solve  this  problem,  one  could  form  the 
inside  surface  in  the  flat  state  as  shown  in  Figure  5. 
However,  with  a  hose  of  such  a  cross-sectional  shape, 
the  flexibility  and  elasticity  required  of  a  breathing  air 
hose  cannot  be  attained.  For  this  reason,  it  cannot 
freely  follow  the  motion  of  the  head  of  the  diver  and  is 
thus  impractical. 

Thus,  the  object  of  the  present  invention  is  to  pro- 
vide  a  breathing  air  hose  for  underwater  breathing 
apparatus  wherein  dirt  and  the  like  does  not  accumulate 
on  its  inside  surface,  yet  it  is  provided  with  the  required 
flexibility  and  the  like. 

Disclosure  of  the  Invention 

The  breathing  air  hose  for  underwater  breathing 
apparatus  of  the  present  invention  is  characterized  in 
that  it  has  a  peripheral  wall  with  a  cross-sectional 
shape,  which  if  viewed  when  cut  lengthwise,  consists  of 
alternating  thick-walled  portions  in  which  the  inside  is  a 
flat  surface  and  the  outside  protrudes  and  thin-walled 
portions  that  are  curved  toward  the  inside  with  a  small 
curvature,  so  that  the  inside  surface  essentially 
assumes  a  flat  state. 

Here,  the  breathing  air  hose  is  preferably  molded  of 
polyether-based  polyurethane  rubber.  Moreover  it  is 
preferably  molded  by  blow  molding. 

Brief  Description  of  Drawings 

Figure  1  is  a  plan  view  of  the  breathing  air  hose  of  a 
preferred  embodiment  of  the  present  invention  in  half 
section. 

Figure  2  is  an  enlarged  sectional  view  of  a  portion 
of  the  cross  section  of  the  hose  of  Figure  1  . 

Figure  3  is  a  plan  view  of  a  bellows  hose. 
Figure  4  is  an  enlarged  sectional  view  of  the  circled 
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portion  of  the  hose  of  Figure  3. 
Figure  5  is  a  sectional  view  of  one  example  of 

breathing  air  hose. 
Figure  6  is  an  explanatory  diagram  showing  a  vari- 

able-geometry  mouthpiece,  where  (a)  is  an  explanatory  s 
diagram  of  the  state  in  which  the  chewing  pieces  are 
extended,  and  (b)  is  an  explanatory  diagram  of  the  state 
in  which  the  chewing  pieces  are  pulled  back  into  the 
retracted  position. 

Figure  7  is  a  diagram  of  the  chewing  pieces  of  Fig-  w 
ure  6,  where  (a)  is  a  plan  view  and  (b)  is  a  side  view. 

Figure  8  is  a  diagram  of  the  mouth  piece  of  Figure 
6,  where  (a)  is  a  half-section  plan  view,  (b)  is  a  half-sec- 
tion  side  view  and  (c)  is  a  front  view. 

Figure  9  is  a  view  of  the  outside  of  a  semiclosed-cir-  is 
cuit  breathing  apparatus. 

Figure  10  is  a  diagram  of  the  internal  structure  of 
the  apparatus  of  Figure  9. 

Figure  11  is  a  schematic  cross  section  of  the 
mouthpiece  of  the  apparatus  of  Figure  9  showing  its  top  20 
wall  cut  away. 

Figure  1  2  is  a  cross  section  of  the  mouthpiece  unit 
of  Figure  1  1  ,  where  (A)  is  a  schematic  cross  section  of 
the  portion  when  cut  along  the  line  A-A,  and  (B)  a  sche- 
matic  cross  section  of  the  portion  when  cut  along  the  25 
line  B-B. 

Figure  1  3  is  an  explanatory  diagram  showing  major 
areas  of  the  structure  in  the  upper  half  of  the  mouth- 
piece  unit  of  Figure  1  1  . 

30 
Best  Mode  for  Carrying  out  the  Invention 

Figures  1  and  2  show  a  breathing  air  hose  consti- 
tuted  according  to  the  present  invention.  The  breathing 
air  hose  50  of  this  example  consists  of  polyether-based  35 
polyurethane  rubber,  and  is  molded  by  means  of  blow 
molding. 

As  shown  in  the  enlarged  view  in  Figure  2,  the 
peripheral  wall  51  of  the  breathing  air  hose  50  of  this 
example  has  a  cross-sectional  shape  consisting  of  40 
alternating  thick-walled  portions  52  in  which  the  outside 
protrudes  and  thin-walled  portions  53  that  are  curved 
toward  the  inside  with  a  small  curvature.  The  inside  sur- 
face  52a  of  the  thick-walled  portions  52  has  a  flat  sur- 
face  if  viewed  when  cut  along  the  hose  axis  line  50a,  45 
and  the  subsequent  inside  surface  53a  of  the  thin- 
walled  portions  53  are  slightly  curved  toward  the  inside. 
Therefore,  the  inside  surface  51a  of  the  hose  in  this 
example  is  essentially  flat. 

The  breathing  air  hose  50  of  this  example  consti-  so 
tuted  as  such  has  formed  thin-walled  portions  53  that 
are  curved  with  a  small  amount  of  curvature  toward  the 
inside,  so  the  hose  has  good  flexibility  overall  due  to  the 
flexing  of  these  portions.  In  addition,  the  hose  is  also 
provided  with  the  necessary  elasticity  overall  due  to  the  55 
elasticity  of  these  portions.  Moreover,  the  inside  surface 
51a  is  essentially  flat.  Therefore,  when  the  hose  of  this 
example  is  used,  it  can  freely  follow  the  motion  of  the 
head  of  the  diver  and  moreover,  no  dirt  or  the  like  will 

accumulate  on  its  inside  surface  and  no  germs  will  grow. 
Moreover,  the  thick-walled  portions  52  also  function  as 
bucWing-prevention  portions  to  prevent  the  hose  50 
from  bending  and  increasing  the  air  flow  resistance. 

Note  that  according  to  experiments  performed  by 
the  present  inventors  and  others,  when  the  hose  of  this 
example  was  used,  there  was  no  sense  of  pulling  and  it 
was  found  to  work  well  as  a  breathing  air  hose. 

On  the  other  hand,  since  the  hose  50  of  this  exam- 
ple  is  made  of  polyether-based  polyurethane  rubber,  it 
is  superior  with  respect  its  tear  strength  and  other 
aspects.  In  addition,  since  it  is  polyether-based,  it  has 
an  advantage  in  that  it  is  more  resistant  to  degradation 
of  its  physical  properties  due  to  hydrolysis  and  the  like 
than  urethane-based  types.  In  addition,  in  place  of  the 
methods  based  on  fired  molds  for  manufacturing  con- 
ventional  bellows  hose,  it  is  possible  to  adopt  the  blow 
forming  method  that  is  highly  suited  to  mass  production. 

Note  that  in  the  hose  of  this  example,  a  mildew- 
proofing  agent  may  be  added  in  order  to  prevent  mildew 
and  other  germs  from  propagating. 

On  the  other  hand,  instead  of  polyether-based  poly- 
urethane  rubber  as  the  material  for  the  hose  50  of  this 
example,  for  example,  flexible  polyethylene,  polyvinyl 
acetate-polyethylene  copolymer  resin,  flexible  polyvinyl 
chloride,  various  elastomer  resins,  silicone  rubber,  rub- 
ber  or  other  materials  may  be  used. 

(Variable-Geometry  Mouthpiece) 

Next,  in  the  semiclosed-circuit  breathing  apparatus 
proposed  by  the  present  inventors  shown  in  Figures  9 
through  13,  as  described  above,  the  chewing  pieces  are 
manually  made  to  protrude  from  the  mouthpiece  and 
their  tips  are  taken  between  the  teeth.  If  the  chewing 
pieces  are  held  in  this  state,  the  supply  of  a  constant 
mass  flow  of  breathing  gas  from  the  gas  cylinder  can  be 
started  and  the  inhalation  air  hose  can  be  held  in  the 
open  state.  Therefore,  the  supply  of  inhalation  gas  can 
be  started  by  a  simple  operation  and  if  the  mouthpiece 
comes  out  of  the  mouth  during  diving,  the  chewing 
pieces  return  to  the  retracted  position  and  the  inhalation 
air  hose  is  blocked  by  a  linked  motion,  so  the  entry  of 
water  can  be  prevented  automatically. 

Here,  from  an  anatomical  standpoint,  the  mouth- 
piece  and  chewing  pieces  described  above  are  set  to  a 
shape  and  size  corresponding  to  the  shape  and  dimen- 
sions  of  the  gums  of  an  average  Japanese  person. 
However,  there  are  differences  among  individuals  in  the 
shape  of  their  gums. 

For  this  reason,  it  is  preferable  to  adopt  a  variable- 
geometry  mouthpiece  that  can  be  worn  in  the  mouths  of 
various  divers  in  the  appropriate  state  and  that  the  vari- 
ous  divers  can  bite  down  on  the  chewing  pieces 
securely. 

Such  a  variable-geometry  mouthpiece  can  have  the 
following  constitution.  To  wit,  the  mouthpiece  can  have  a 
constitution  comprising:  a  breath  circulation  chamber 
provided  with  an  exhalation  air  hose  connection  portion 
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that  communicates  with  an  exhalation  air  hose  through 
which  exhaled  air  passes,  an  inhalation  air  hose  con- 
nection  portion  that  communicates  with  an  inhalation  air 
hose  through  which  inhalation  gas  passes  and  an  exter- 
nal  opening  that  communicates  with  the  outside;  within  5 
this  breath  circulation  chamber,  a  gas  supply  port  that 
supplies  new  inhalation  gas  at  a  constant  mass  flow 
rate  supplied  from  said  inhalation  gas  cylinder;  a  mouth- 
piece  attached  to  said  external  opening;  a  check  valve 
placed  at  said  exhalation  air  hose  connection  portion  w 
that  permits  the  flow  of  fluid  only  from  said  breath  circu- 
lation  chamber  toward  said  exhalation  air  hose;  a  check 
valve  placed  at  said  inhalation  air  hose  connection  por- 
tion  that  permits  the  flow  of  fluid  only  from  said  inhala- 
tion  air  hose  toward  said  breath  circulation  chamber;  15 
opening/closing  means  attached  to  said  gas  supply 
port;  pushing  means  that  applies  elastic  force  to  main- 
tain  this  opening/closing  means  in  the  closed  state;  a 
manual  operation  member  that  permits  said  open- 
ing/closing  means  to  be  switched  to  the  open  state  20 
against  the  elastic  force  of  this  pushing  means;  and 
chewing  pieces  that,  in  a  motion  linked  to  this  manual 
operation  member,  moves  from  its  retracted  position 
within  the  mouthpiece  to  a  position  in  which  it  protrudes 
into  the  outside.  25 

In  addition,  with  said  mouthpiece,  an  easily  flexible 
hinged  portion  is  formed  in  the  peripheral  wall  of  the 
portion  on  its  tip,  and  the  tip  portion  further  toward  the 
tip  from  this  hinged  portion  is  able  to  deform  depending 
on  the  size  and  shape  of  the  gums  of  the  wearer.  More-  30 
over,  these  chewing  pieces  are  constituted  in  the  state 
wherein  they  are  connected  such  that  they  deform  as  a 
single  piece  together  with  the  tip  of  the  mouthpiece. 

The  tip  of  the  mouthpiece  is  easily  flexible  so  that 
the  mouthpiece  can  be  worn  in  the  appropriate  state  35 
either  by  divers  that  have  gums  of  a  size  larger  than 
those  of  an  average  Japanese  person  or  by  those  of  a 
smaller  gum  size.  In  addition,  at  this  time,  the  chewing 
pieces  also  deform  together  with  the  mouthpiece,  so 
they  can  be  gripped  between  the  teeth  reliably  in  the  40 
appropriate  state.  Here  follows  a  description  of  the 
detailed  structure  of  this  variable-geometry  mouthpiece 
in  reference  to  Figures  6  through  8.  This  mouthpiece  is 
an  example  of  applying  the  present  invention  to  the 
mouthpiece  62  of  the  semiclosed-circuit  breathing  45 
apparatus  shown  in  Figures  9  through  13,  and  there- 
fore,  the  same  numbers  are  applied  to  corresponding 
portions  and  the  explanation  of  them  is  omitted. 

As  shown  in  Figures  6  through  8,  the  mouthpiece 
62A  of  this  example  is  molded  from  elastomer  raw  so 
materials,  and  it  is  formed  from  a  cylindrical  base  part 
62a  with  an  elliptical  cross  section,  and  a  tip  part  62b 
formed  on  the  tip  of  the  base.  The  tip  part  62b  flares  out 
toward  its  tip  and  its  tip  edge  is  formed  in  a  contour 
approximating  the  shape  of  the  human  gums.  Here,  the  55 
boundary  portion  between  the  base  part  62a  and  the  tip 
part  62b  is  formed  as  a  thin-walled  portion.  As  shown  in 
Figure  6(b),  centered  around  this  area,  the  tip  part  62b 
can  be  extremely  easily  flexed  toward  the  inside  and 

outside.  To  wit,  this  thin-walled  portion  functions  as  a 
hinge  part  62c. 

On  the  other  hand,  as  shown  in  Figures  6  and  7,  the 
chewing  pieces  617  of  this  example  are  attached  via  a 
connecting  member  617b  to  a  support  plate  617a 
attached  to  the  top  edge  of  the  swivel  plate  613.  These 
chewing  pieces  617  are  formed  from  polyurethane  raw 
materials,  and  are  provided  with  a  base  part  617c  and  a 
binding  part  61  7d  formed  on  its  tip  along  with  a  tip  por- 
tion  61  7e  that  flares  out  along  the  inside  surface  of  the 
tip  part  62b  of  the  mouthpiece  62.  Therefore,  as  shown 
in  Figure  6(b),  these  chewing  pieces  617  also  can  be 
flexed  easily  toward  the  inside  and  the  outside  centered 
around  the  binding  part  61  7d.  In  addition,  protruding 
from  the  tip  portion  61  7e  in  a  horizontal  direction  from 
its  inside  surface  is  a  bite-down  portion  61  7f  upon  which 
the  top  and  bottom  teeth  bite  down,  and  formed  on  the 
inside  edge  of  this  bite-down  portion  61  7f  is  a  contact 
portion  61  7g  that  comes  into  contact  with  the  back  of 
the  gums. 

Here,  a  pair  of  coupling  holes  62d  is  formed  on  the 
left  and  right  of  the  tip  part  62b  of  the  mouthpiece  62A 
of  the  above  constitution.  As  shown  on  Figures  6  and  8, 
these  coupling  holes  62d  are  variable-diameter  holes  in 
which  the  inside  is  smaller  in  diameter  and  the  outside 
is  larger  in  diameter.  A  corresponding  pair  of  coupling 
protrusions  61  7h  is  formed  on  the  side  of  the  chewing 
pieces  617  on  the  outside  surface  of  their  tip  portion 
61  7e.  These  protrusions  61  7h  are  formed  with  a  conical 
portion  at  their  tips  and  a  small-diameter  neck  portion  at 
their  bases.  As  shown  in  Figure  6,  these  coupling  pro- 
trusions  61  7h  penetrate  the  coupling  holes  62d  on  the 
side  of  the  mouthpiece  62,  and  protrude  toward  their 
outside.  The  protrusions  and  holes  engage  each  other 
so  that  the  protrusions  do  not  come  out  of  the  holes. 
Note  that  the  protrusions  61  7h  are  thereafter  cut  along 
the  outside  contour  of  the  mouthpiece  62. 

Next,  in  this  example,  the  maximum  amount  of 
motion  of  the  aforementioned  chewing  pieces  61  7  is  set 
to  approximately  5  mm.  From  an  anatomical  standpoint, 
the  maximum  amount  of  motion  should  be  determined 
based  on  the  gum  shape  of  an  average  human  model. 
In  addition,  the  shape  and  size  of  the  tip  edge  of  the 
aforementioned  mouthpiece  62  are  determined  based 
on  the  shape  and  dimensions  of  the  gums  of  an  average 
person. 

The  variable-geometry  mouthpiece  of  this  example 
constituted  as  such  can  flex  extremely  easily  toward  the 
inside  and  outside  centered  around  the  hinge  part  62c. 
Thus,  even  in  the  event  of  different  shapes  and  sizes  of 
gums,  it  can  flex  to  a  corresponding  state,  so  it  can  be 
worn  in  a  state  that  fits  the  mouth  of  the  wearer. 

In  addition,  in  the  event  that  the  inhalation  air  hose 
is  sealed  and  the  supply  of  air  for  inhalation  is  halted, 
namely  the  state  in  which  the  chewing  pieces  617  are 
retracted,  as  shown  in  Figure  6(b),  the  mouthpiece  62  is 
pulled  into  the  inside  by  the  chewing  pieces  617,  and 
deformed  toward  the  inside  centered  around  the  hinge 
part.  In  this  state,  the  tip  of  the  deformed  mouth  piece 
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becomes  an  obstacle,  so  it  is  not  possible  to  bite  down 
on  the  chewing  pieces  617.  From  this  state,  if  the  push- 
button  616  is  pushed  to  push  out  the  chewing  pieces 
61  7,  in  a  linked  motion,  the  tip  of  the  mouthpiece  62  also 
opens  toward  the  outside,  and  as  shown  in  Figure  6(a), 
it  is  then  possible  to  bite  down  on  the  chewing  pieces 
617. 

On  the  other  hand,  in  this  example,  the  mouthpiece 
62  is  formed  from  elastomer  raw  materials,  so  it  is  dura- 
ble,  harmless  to  the  body  and  has  a  good  feel.  In  addi- 
tion,  since  polyurethane  raw  materials  are  used  for  the 
chewing  pieces,  they  are  not  easily  damaged  even 
when  bitten  down  upon  hard  and  their  feel  is  good.  Nat- 
urally,  these  portions  can  also  be  molded  from  other 
resins.  For  example,  they  can  be  molded  from  flexible 
polyvinyl  chloride,  polyethylene  resin,  rubber,  silicone, 
various  elastomer  resins  or  other  materials. 

Note  that  the  mouthpiece  of  the  above  configuration 
can  also  be  applied  in  the  same  manner  to  closed-cir- 
cuit  breathing  apparatus  or  other  types  of  underwater 
breathing  apparatus. 

As  described  above,  the  variable-geometry  mouth- 
piece  62A  has  a  constitution  such  that  its  tip  portions 
can  easily  flex  toward  the  inside  and  outside  in  motion 
linked  to  the  chewing  pieces.  Therefore,  it  can  be  worn 
in  the  appropriate  state  by  divers  with  gums  of  differing 
shapes  and  dimensions.  In  addition,  in  the  state  in 
which  air  for  inhalation  is  not  being  supplied,  the  chew- 
ing  pieces  in  the  retracted  position  will  cause  the  tip  of 
the  mouth  piece  to  flex  toward  the  inside  and  so  it  is  not 
possible  to  bite  down  on  the  chewing  pieces,  which  are 
covered  by  the  tip  of  the  mouth  piece. 

Industrial  Applicability 

As  explained  in  the  foregoing,  the  breathing  air 
hose  for  underwater  breathing  apparatus  of  the  present 
invention  is  characterized  in  that  it  has  a  peripheral  wall 
with  a  cross-sectional  shape,  which  if  viewed  when  cut 
lengthwise,  consists  of  alternating  thick-walled  portions 
in  which  the  inside  is  a  flat  surface  and  the  outside  pro- 
trudes  and  thin-walled  portions  that  are  curved  toward 
the  inside  with  a  small  curvature.  Therefore,  the  inside 
surface  can  be  made  essentially  flat  while  maintaining 
the  necessary  flexibility  and  the  like,  yet  there  are  no 
depressions  such  as  those  on  a  bellows  hose  in  which 
dirt  and  the  like  easily  accumulate,  so  it  is  possible  to 
prevent  mildew  and  the  like  from  propagating. 

Claims 

1.  A  flexible  breathing  air  hose  that  forms  a  path  for 
supply  of  breathing  gas  and  the  like  in  an  underwa- 
ter  breathing  apparatus,  characterized  in  that  said 
breathing  air  hose  it  has  a  peripheral  wall  with  a 
cross-sectional  shape,  which  if  viewed  when  cut 
lengthwise,  consists  of  alternating  thick-walled  por- 
tions  in  which  the  inside  is  a  flat  surface  and  the 
outside  protrudes  and  thin-walled  portions  that  are 

curved  toward  the  inside  with  a  small  curvature, 
and  thus  the  inside  surface  assumes  a  state  that  is 
essentially  flat. 

5  2.  A  breathing  air  hose  for  underwater  breathing 
apparatus  according  to  claim  1,  characterized  in 
that  it  is  molded  of  polyether-based  polyurethane 
rubber. 

w  3.  A  breathing  air  hose  for  underwater  breathing 
apparatus  according  to  claim  2,  characterized  in 
that  it  is  molded  by  means  of  the  blow  molding 
method. 
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