
J  
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 
0  4 3 7   9 4 8   A 1  Oy  Publication  number: 

E U R O P E A N   PATENT  A P P L I C A T I O N  

©  int.  CIA  B63C  11 /20  ©  Application  number:  90313674.5 

©  Date  of  filing:  14.12.90 

©  Applicant:  UNDERSEA  TECHNOLOGY,  INC. 
1709  Heath  Parkway 
Fort  Collins,  Colorado  80524(US) 

@  Inventor:  Gamow,  Rustem  Igor 
9  Canon  Park 
Boulder,  Colorado  80302(US) 
Inventor:  Stevens,  John  L 
4345  Rio  Tinto  Avenue 
Sacramento,  California  98521  (US) 
Inventor:  Obstfeld,  Malcolm  B. 
2900  Silverwood  Drive 
Fort  Collins,  Colorado  80525(US) 

©  Priority:  15.12.89  US  452129 

©  Date  of  publication  of  application: 
24.07.91  Bulletin  91/30 

©  Designated  Contracting  States: 
AT  BE  CH  DE  DK  ES  FR  GB  GR  IT  LI  LU  NL  SE 

0   Representative:  Fisher,  Adrian  John  et  al 
CARPMAELS  &  RANSFORD  43  Bloomsbury 
Square 
London  WC1A  2RA(GB) 

Underwater  breathing  apparatus. 

reservoir  bag  in  a  preselected  range,  a  pressure 
gauge  (40)  is  provided  for  the  pump  operator,  who 
then  pumps  selectively  to  maintain  the  proper  air 
pressure.  The  diver  wears  a  breathing  means  having 
a  flow  restrictor/shut-off  valve,  a  one-way  inlet  valve 
(32),  and  a  one-way  exhaust  valve  (34)  for  exhala- 
tion.  Additionally,  an  electric  pump  may  be  used 
either  to  replace  the  manual  pump  or  as  a  back-up 
thereto. 

©  An  underwater  breathing  apparatus  is  provided 
for  delivering  air  to  a  submerged  diver.  A  manual 
pump  (17)  supplies  air  under  pressure  to  a  reservoir 
bag  (12)  for  delivery  to  a  diver  through  an  air  hose 
(24,29,31).  Alternatively,  the  reservoir  bag  can  be 
further  connected  by  an  air  hose  to  a  floatable 
variable-pressure  reservoir  bag  (28)  that  delivers  air 
through  an  air  hose  (29,31)  to  a  submerged  diver.  In 
order  to  constantly  maintain  the  air  pressure  in  the 

00 

O) 

LU 

Xerox  Copy  Centre 



EP  0  437  948  A1 

29 
FIG.  3 



EP  0  437  948  A1 

UNDERWATER  BREATHING  APPARATUS 

this  type  of  system.  In  addition,  regulators  are 
typically  necessary  to  control  the  air  pressure  de- 
livered  for  breathing  by  the  diver.  Examples  of  this 
type  of  invention  may  be  seen  in  U.S.  Patent  No. 

5  813,431  to  Iwanami  and  Woodward;  U.S.  Patent 
No.  3,467,091  to  Aragoma;  and  U.S.  Patent  No. 
4,674,493  to  Mitchell. 

In  addition  to  underwater  breathing  ap- 
paratuses,  a  number  of  apparatuses  used  for 

w  breathing  in  irrespirable  environments  are  known. 
For  example,  the  apparatus  disclosed  by  Great 
Britain  Patent  No.  19,080  consists  of  a  manual 
pump,  a  breathing  bag  and  a  helmet  or  mask  all 
connected  by  flexible  tube.  Air  is  delivered  to  the 

75  breathing  bag  by  the  manual  pump  and  is  then 
forced  to  the  helmet  or  mask  for  respiration  by  the 
individual.  Although  the  pressure  at  which  air  is 
forced  to  the  mask  is  not  disclosed,  it  is  unlikely 
that  it  is  above  atmospheric  pressure.  Great  Britain 

20  Patent  No.  436,546,  discloses  an  apparatus  and 
method  for  providing  breathable  air  to  individuals  at 
high  altitudes,  especially  for  use  in  an  airplane.  The 
air  supply  is  compressed  to  a  pressure  corre- 
sponding  to  air  at  ground  level  and  may  be  sup- 

25  plied  to  an  intermediate  rigid  container  or  reservoir, 
in  which  air  may  be  stored  at  an  elevated  pressure. 
The  air  is  then  supplied  to  an  individual  wearing  a 
helmet  via  a  flexible  tube  or  to  a  chamber  in  which 
the  individual  resides.  The  pressure  at  which  the  air 

30  is  delivered  to  the  helmet  or  chamber  is  kept 
substantially  the  same  (i.e.,  ground  level  pressure) 
at  all  altitudes.  Neither  of  the  Great  Britain  patents 
address  the  unique  problems  involved  in  supplying 
air  to  underwater  divers. 

35 
Disclosure  of  the  Invention 

In  accordance  with  the  present  invention,  an 
underwater  breathing  device  is  provided  which  in- 

40  eludes  a  reservoir  bag  for  receiving  air  under  pres- 
sure  from  a  manual  pump.  For  best  results  an 
inflatable  polyurethane  bag  acts  as  the  reservoir 
and  a  bellows-type  foot  pump  supplies  the  air 
pressure.  Air  from  the  pressurized  reservoir  bag 

45  (hereinafter  referred  to  as  reservoir  bag)  travels 
through  an  air  line  to  an  underwater  diver.  The  air 
is  delivered  into  a  breathing  means,  such  as  a 
mouthpiece  apparatus  or  a  full  face  mask.  A  con- 
ventional  face  mask  (i.  e.,  one  that  covers  the  eyes 

so  and  nose)  is  worn  by  the  diver  when  the  mouth- 
piece  apparatus  is  used.  Two  or  more  outlets  and 
associated  diver  lines  may  be  provided  depending 
upon  the  anticipated  number  of  divers  to  be  using 
the  apparatus.  In  an  alternative  embodiment,  the 
reservoir  bag  is  connected  by  an  air  hose  to  a 

This  application  is  a  continuation-in-part  of  U.S. 
Patent  Application  No.  07/452,129  filed  December 
15,  1989. 

Technical  Field 

This  invention  relates  to  an  underwater  breath- 
ing  apparatus,  and  more  particularly,  to  an  under- 
water  breathing  apparatus  utilizing  a  manual  pump 
to  supply  low  pressure  air  to  an  air  reservoir  for 
breathing  through  an  air  hose  by  a  submerged 
diver.  Alternatively,  the  air  reservoir  can  be  further 
connected  by  an  air  hose  to  a  variable-pressure 
reservoir  that  delivers  air  through  an  air  hose  to  a 
submerged  diver.  The  apparatus  is  especially  suit- 
able  for  pool  maintenance,  shallow  depth  boat 
maintenance,  salvage  and  recreational  uses. 

Background  Art 

A  number  of  apparatuses  for  underwater 
breathing  are  known  in  the  prior  art.  One  of  the 
most  familiar  is  the  system  commonly  known  as 
scuba,  comprising  a  high  pressure  tank  worn  by 
the  diver  who  breathes  through  a  mouthpiece  hav- 
ing  a  regulator  for  reducing  the  air  pressure  to  a 
breathable  level.  This  apparatus  works  very  well  for 
its  intended  purpose,  but  requires  special  training 
in  order  for  a  diver  to  become  competent  in  its  use. 
In  addition,  the  high  pressure  needed  for  the  tanks 
presents  an  added  risk,  and  also  requires  special 
equipment  to  refill  the  tanks.  Further,  the  high 
pressure  air  necessitates  the  use  of  a  complicated 
and  often  expensive  regulator  to  reduce  the  pres- 
sure  to  a  breathable  level  for  the  diver.  Basic  scuba 
apparatus  is  described  in  U.S.  Patent  No.  829,274 
to  Knoff. 

Another  familiar  apparatus  for  use  in  under- 
water  breathing  by  a  diver  is  the  widely  used 
snorkel.  This  apparatus  also  works  very  well  for  its 
intended  purpose,  but  allows  only  a  very  shallow 
operation  without  some  type  of  pump  to  force  air  to 
the  diver.  Variations  of  the  snorkel  may  be  seen  in 
U.S.  Patent  No.  835,950  to  Iwanami;  U.S.  Patent 
No.  4,583,536  to  Jan;  and  U.S.  Patent  No. 
3,525,335  to  Freeman. 

A  third  type  of  underwater  breathing  apparatus 
comprises  a  pump  situated  on  the  surface  of  the 
water  and  delivering  air  through  an  air  line  to  a 
submerged  diver.  Apparatuses  of  this  type  are  par- 
ticularly  useful  for  diving  for  extended  periods  of 
time.  However,  devices  utilizing  this  principle  re- 
quire  constant  pumping  to  avoid  air  being  delivered 
to  a  diver  in  pulses.  For  this  reason,  a  heavy  duty 
electric  or  gas-powered  pump  is  typically  used  in 
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floatable  variable-pressure  reservoir  (hereinafter  re- 
ferred  to  as  intermediate  bag).  For  best  results,  the 
intermediate  bag  is  also  made  of  an  inflatable  poly- 
urethane.  Air  from  the  intermediate  bag  then  travels 
through  an  air  hose  to  the  breathing  means  of  the 
underwater  diver(s).  When  the  intermediate  bag  is 
used,  the  outlets  and  diver  lines  are  provided  from 
the  intermediate  bag. 

Regardless  of  whether  the  reservoir  bag  is 
used  alone  or  in  conjunction  with  the  intermediate 
bag,  it  is  preferable  that  air  pressure  in  the  reser- 
voir  bag  is  maintained  within  a  selected  range 
which  depends  upon  the  depth  at  which  the  divers 
will  be  operating.  For  this  purpose,  a  pressure 
gauge  is  provided  to  indicate  the  reservoir  air  pres- 
sure  to  the  pump  operator,  who  in  turn  pumps 
accordingly  to  maintain  the  reservoir  pressure  with- 
in  the  selected  range. 

In  one  alternate  embodiment,  an  electric  pump 
is  also  used  to  provide  pressurized  air  to  the  reser- 
voir  bag.  A  three-way  master  switch  is  provided 
which  allows  the  electric  pump  to  be  operated 
either  automatically,  or  locked  into  an  "on"  position 
or  an  "off"  position.  In  the  "on"  position,  the  elec- 
tric  pump  operates  continuously;  and  in  the  "off" 
position,  the  manual  pump  operates  exclusively. 
When  the  electric  pump  is  in  the  automatic  mode, 
the  pump  begins  to  operate  when  the  reservoir  air 
pressure  drops  to  a  preselected  minimum,  and 
stops  pumping  when  the  reservoir  air  pressure 
reaches  a  preselected  maximum  level.  Automatic 
operation  of  the  electric  pump  is  provided  by  a 
pressure  activated  automatic  control  switch  that 
switches  the  electric  pump  on  and  off  in  response 
to  pressure  changes  in  the  reservoir  bag.  In  this 
way,  the  electric  pump  may  be  utilized  as  either  a 
back-up  to  the  manual  pump,  or  it  may  be  used  to 
replace  the  manual  pump.  This  greatly  improves 
the  safety  of  the  device,  as  well  as  freeing  the 
pump  operator  to  perform  other  tasks  when  de- 
sired.  With  the  use  of  an  electric  pump  in  auto- 
matic  mode,  the  entire  device  may  conveniently  be 
operated  by  a  single  person. 

Based  on  the  foregoing,  a  number  of  advan- 
tages  of  the  present  invention  are  readily  apparent. 
A  unique  underwater  breathing  apparatus  is  pro- 
vided  which  requires  no  special  training  and  which 
utilizes  simple,  low  cost  equipment.  The  apparatus 
is  also  very  lightweight,  and  the  reservoir  bag  is 
collapsible,  allowing  for  great  portability  and  ease 
of  storage.  Since  there  are  no  complicated  pumps, 
regulators,  or  high  pressure  tanks  to  fail,  the  risk  of 
operating  the  apparatus  is  greatly  reduced.  In  addi- 
tion,  the  use  of  the  reservoir  bag  provides  a  margin 
of  safety  not  found  with  previous  inventions.  Addi- 
tional  safety  and  convenience  may  be  provided  by 
the  use  of  an  electric  pump,  either  as  the  replace- 
ment  for  the  manual  pump  or  as  a  back-up  thereto. 

The  same  advantages  are  realized  when  the  inter- 
mediate  bag  is  used  in  conjunction  with  the  reser- 
voir  bag.  Additional  advantages  of  the  intermediate 
bag  are: 

5  1)  safety:  allows  people  on  boats,  docks,  etc.,  to 
know  the  location  of  the  diver; 
2)  safety:  prevents  diver  from  submerging  below 
a  depth  determined  by  the  length  of  air  hose 
from  the  intermediate  bag  to  the  diver's  mouth- 

10  piece; 
3)  efficiency:  greatly  reduces  the  loss  of 
breathable  air  through  the  exhaust  valve  in  the 
diver's  mouthpiece;  and 
4)  convenience:  permits  more  direct  routing  of 

ts  air  lines  to  the  diver. 
Additional  advantages  of  this  invention  will  be- 

come  readily  apparent  from  the  description  which 
follows,  together  with  the  accompanying  drawings. 

20  Brief  Description  of  the  Drawings 

Figure  1  is  a  perspective  view  of  the  under- 
water  breathing  apparatus  of  the  present  invention 
showing  the  reservoir  bag  delivering  air  to  two 

25  divers.  The  breathing  means  used  by  the  divers  is 
a  full  face  mask. 

Figure  2  is  a  front  view  of  the  full  face  mask 
and  a  portion  of  the  air  hose,  showing  the  one-way 
inlet  valve,  one-way  exhaust  valve,  as  well  as  the 

30  flow  restrictor/shut  off  valve. 
Figure  3  is  a  perspective  view  of  the  under- 

water  breathing  apparatus  of  the  present  invention 
showing  the  reservoir  bag  and  the  intermediate  bag 
delivering  air  to  two  divers.  The  breathing  means 

35  used  by  the  divers  is  a  mouthpiece  apparatus.  Also 
shown  is  a  conventional  face  mask. 

Figure  4  is  an  illustration  of  the  mouthpiece 
apparatus,  showing  a  flow  restrictor/shut-off  valve 
and  a  portion  of  the  air  hose.  Also  shown  are  the 

40  one-way  inlet  valve,  one-way  exhaust  valve  and 
mouthpiece. 

Figure  5  is  a  plan  view  showing  the  electrical 
pump  and  the  transducer. 

Figure  6  is  a  schematic  view  depicting  the 
45  cooperation  of  the  electric  pump,  the  transducer, 

and  the  three-way  master  switch. 

Description  of  Preferred  Embodiments 

so  Referring  now  to  Figures  1  and  2,  there  is 
shown  an  underwater  breathing  apparatus  (10)  in- 
cluding  a  pump  (17),  reservoir  bag  (12),  and  a  full 
face  mask  (42).  The  reservoir  bag  (12)  is  designed 
to  float  on  the  surface  of  a  body  of  water  (11). 

55  Ideally,  the  reservoir  bag  (12)  is  an  inflatable  bag 
constructed  of  light,  flexible,  air-tight  material  such 
as  polyurethane.  Although  a  heavier  rigid  reservoir 
bag  could  be  utilized,  a  light-weight  inflatable  bag 
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(46)  is  useful  to  attach  the  apparatus  (10)  to  a 
dock,  boat,  or  the  like. 

In  an  alternative  embodiment,  referring  now  to 
Figures  3  and  4,  there  is  shown  an  underwater 

5  breathing  apparatus  (10)  including  a  manual  pump 
(17),  the  reservoir  bag  (12),  intermediate  bag  (28), 
and  mouthpiece  apparatus  (35).  Although  both 
bags  are  designed  to  be  floatable  on  water,  in  this 
embodiment  the  reservoir  bag  is  normally  used  on 

w  a  dry  surface  such  as  a  boat  deck;  whereas,  the 
intermediate  bag  normally  floats  on  the  water.  The 
reservoir  bag  in  Figure  3  does  not  show  the  fea- 
tures  useful  in  minimizing  tipping,  such  as  ballast 
(43),  a  fin  (44),  and  an  annular  ring  (45).  However, 

75  these  adaptations  could  be  made  if  it  was  desired 
to  use  the  reservoir  bag  (12)  in  the  water.  As  in  the 
first  embodiment,  the  reservoir  bag  (12)  utilizes  a 
one-way  inlet  valve  (14)  for  receiving  pressurized 
air  (16)  from  a  manual  pump  (17),  such  as  a  foot- 

20  powered  bellows  pump  or  other  type  of  manual 
pump.  The  pump  (17)  delivers  pressurized  air  (16) 
through  inlet  hose  (21)  to  the  reservoir  bag  (12)  via 
a  unidirectional  inlet  valve  (13).  An  air  hose  (24), 
which  receives  air  from  outlet  (23),  is  provided  for 

25  •  delivery  of  pressurized  air  to  the  intermediate  bag 
(28)  via  an  inlet  (25).  Ideally,  the  reservoir  bags  and 
the  intermediate  bags  are  inflatable  and  construct- 
ed  of  light,  flexible,  air-tight  material  such  as  poly- 
urethane.  Although  heavier,  rigid  reservoir  bags 

30  and  intermediate  bags  could  be  utilized,  light- 
weight  inflatable  reservoir  bags  and  intermediate 
bags  will  collapse  when  deflated  to  provide  greater 
portability  and  require  far  less  storage  space.  A 
flag  (41),  or  other  type  of  signaling  device,  can  be 

35  attached  to  the  intermediate  bag  (28)  to  allow  peo- 
ple  on  the  surface  of  the  water  to  know  the  approxi- 
mate  location  of  the  diver.  Air  hoses  (29  and  31) 
are  provided  for  delivery  of  pressurized  air  to  the 
divers  (37  and  38),  although  a  greater  or  lesser 

40  number  of  air  hoses  may  be  employed  depending 
on  the  anticipated  number  of  divers  to  be  using  the 
apparatus.  For  best  results,  each  diver  wears  the 
mouthpiece  apparatus  (35)  having  a  flow 
restrictor/shut  off  valve  (30),  one-way  inlet  valve 

45  (32)  for  receiving  air,  one-way  exhaust  valve  (34) 
for  exhaling  air  and  a  mouthpiece  (36).  A  conven- 
tional  face  mask  (i.e.,  one  that  covers  the  eyes  and 
nose)  is  worn  by  the  diver  when  the  mouthpiece 
apparatus  is  used.  As  an  alternative  to  the  use  of 

50  the  mouthpiece  apparatus,  divers  could  easily  use 
other  comparable  arrangements  such  as  a  full  face 
mask  (discussed  above  and  shown  in  Figure  2). 

When  the  reservoir  bag  and  intermediate  bag 
are  used  together,  as  in  this  embodiment,  it  has 

55  been  determined  that  the  optimal  size  of  the  reser- 
voir  bag  (12)  is  approximately  3.5  cubic  feet  and 
the  optimal  size  for  the  intermediate  bag  (28)  is 
approximately  1  cubic  foot.  It  would  be  understood 

will  collapse  when  deflated  to  provide  greater  por- 
tability  and  to  require  far  less  storage  space.  Al- 
though  the  reservoir  bag  (12)  is  designed  to  be 
floatable  on  water,  it  could  easily  be  adapted  for 
use  on  a  dry  surface,  such  as  on  a  boat,  poolside 
or  dockside.  The  reservoir  bag  (12)  has  a  one-way 
inlet  valve  (14)  for  receiving  pressurized  air  (16) 
from  a  manual  pump  (17).  Preferably,  the  manual 
pump  (17)  is  a  foot-powered  bellows  pump,  al- 
though  other  types  of  manual  pumps  might  be 
used  for  this  purpose.  The  manual  pump  (17)  deliv- 
ers  pressurized  air  (16)  through  inlet  hose  (21)  to 
the  reservoir  bag  (12)  via  a  one-way  inlet  valve 
(14).  Air  hoses  (29,  31)  are  provided  for  delivery  of 
air  to  the  divers  (37,  38),  although  a  greater  or 
lesser  number  may  be  employed  depending  on  the 
anticipated  number  of  divers  to  be  using  the  ap- 
paratus.  Optional  hose  clamps  (33)  are  provided  to 
secure  the  hoses  to  the  reservoir  bag  (12),  thereby 
minimizing  motion  of  the  air  hoses  (29,  31)  during 
operation.  Each  diver  wears  a  full  face  mask  (42) 
having  an  optional  one-way  inlet  valve  (32)  for 
receiving  air  and  a  one-way  exhaust  valve  (34)  for 
exhaling  air.  The  one-way  inlet  valve  (32)  may  be 
dispensed  with  if  desired,  as  air  reservoir  pressure 
will  typically  cause  air  to  flow  through  the  air  hoses 
(29,  31)  at  a  steady  rate,  and  excess  air  will  readily 
be  exhausted  from  the  full  face  mask  (42)  through 
a  one-way  exhaust  valve  (34).  As  an  alternative  to 
the  use  of  a  full  face  mask,  divers  could  easily  use 
other  comparable  arrangements  such  as  the 
mouthpiece  apparatus  (such  as  shown  in  Figure  4 
and  described  below)  coupled  with  a  conventional 
face  mask. 

The  reservoir  bag  (12)  will  preferably  have  an 
elongated  ellipsoid  shape  to  allow  for  smooth 
movement  through  the"  water.  Optimal  sizes  for  the 
reservoir  bag  (12)  have  been  determined  to  be 
approximately  5  feet  long  by  2  feet  in  diameter  for 
two  divers  (approximately  9  cubic  feet),  and  ap- 
proximately  3  feet  long  by  1  and  1/2  feet  in  diam- 
eter  for  one  diver  (approximately  3.5  cubic  feet).  It 
is  also  important  to  minimize  tipping  of  the  reser- 
voir  bag  (12)  in  wind  or  rough  water,  in  order  to 
avoid  tangled  lines  and  other  potential  problems.  In 
order  to  minimize  tipping  of  the  reservoir  bag  (12), 
ballast  (43)  may  be  provided  at  the  bottom  of  the 
reservoir  bag  (12)  along  the  bag's  lengthwise  cen- 
ter.  As  shown  in  Figure  1  ,  the  effectiveness  of  the 
ballast  (43)  may  be  optimized  by  incorporating  the 
ballast  into  a  fin  (44)  extending  lengthwise  along 
the  bottom  of  the  reservoir  bag  (12).  The  fin  (44) 
also  helps  to  reduce  tipping,  as  well  as  stabilizing 
the  motion  of  the  reservoir  bag  (12)  through  the 
water.  To  aid  further  in  stabilizing  the  bag  against 
tipping,  an  annular  ring  (45)  of  buoyant  material 
may  also  be  provided  to  encircle  the  reservoir  bag 
(12)  at  approximately  the  water  level.  A  tether  line 
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to  one  of  ordinary  skill  in  the  art  that  a  range  of 
sizes  may  be  employed  for  the  reservoir  bags  (12 
and  28),  depending  on  the  number  of  divers  using 
the  apparatus.  As  a  general  guideline,  for  each 
additional  diver,  0.3  additional  cubic  feet  are  need- 
ed  for  both  the  reservoir  bag  and  intermediate  bag. 

Regardless  of  whether  the  reservoir  bag  is 
used  alone  or  in  conjunction  with  the  intermediate 
bag,  air  pressure  in  the  reservoir  bag  (12)  must  be 
maintained  within  a  desired  range  based  on  the 
depth  to  which  the  divers  will  descend.  Air  pres- 
sure  must  at  least  be  high  enough  to  force  a 
positive  flow  of  air  to  the  required  depth,  yet  not  so 
high  as  to  create  an  excessive  flow  of  air  to  the 
diver.  For  most  applications,  the  desired  diving 
depth  will  range  from  4  to  10  feet,  with  the  cor- 
responding  minimum  air  pressure  range  being  ap- 
proximately  2  to  5  psi  gauge  (all  pressures  cited 
herein  are  gauge  pressures).  The  minimum  air 
pressure  required  for  a  positive  air  flow  for  a  se- 
lected  depth  of  a  diver's  descent  may  be  cal- 
culated  from  the  well  known  linear  relationship  of 
water  depth  to  pressure.  At  approximately  34  feet 
of  diving  depth  (or  33  feet  of  salt  water),  there 
exists  an  additional  one  atmosphere  or  14.7  psi  of 
pressure.  This  means  that  at  any  air  reservoir  pres- 
sure  greater  than  14.7  psi,  a  positive  air  flow  would 
be  established  to  a  diver  at  a  depth  of  34  feet. 
Since  the  relationship  is  linear,  it  may  be  seen  that 
for  each  foot  of  diving  depth,  approximately  .43 
additional  psi  of  air  reservoir  pressure  is  required 
to  maintain  a  positive  air  flow  to  the  diver.  Thus,  a 
diving  depth  of  4  feet  will  require  approximately 
1.72  psi  of  air  pressure  in  the  reservoir  bag  (12),  an 
8  foot  diving  depth  will  require  approximately  3.44 
psi,  and  so  on.  It  should  be  noted  that  for  practical 
purposes,  and  within  the  depth  range  of  the  ap- 
paratus,  the  pressure  can  be  rounded  off  to  the 
nearest  .1.  Tests  have  shown  that  it  would  be 
difficult  for  an  average  pump  operator  using  a 
typical  bellows-type  pump  delivering  3-4  liters  of 
air  per  pump  stroke  to  maintain  sufficient  air  pres- 
sure  for  a  diver  operating  below  about  1  0  to  12  feet 
beneath  the  surface.  Of  course,  the  difficulty  of 
pumping  will  vary  with  the  pump  operator. 

In  order  to  monitor  air  pressure  in  the  reservoir 
bag  (12),  a  pressure  gauge  (40)  is  provided  in  a 
position  where  it  can  be  easily  read  by  the  pump 
operator,  such  as  on  bag  inlet  hose  (21)  near  the 
pump  (17).  The  pump  operator  may  then  maintain 
the  air  pressure  in  the  bag  within  a  desired  range 
by  selectively  operating  the  pump  (17). 

As  an  example,  when  the  reservoir  bag  (12)  is 
used  alone,  as  in  the  first  embodiment,  to  maintain 
pressure  within  a  range  of  2  psi  to  6  psi,  the  pump 
operator  would  typically  operate  the  pump  until  the 
air  pressure  in  the  bag  reached  6  psi.  The  operator 
would  then  cease  pumping  until  the  air  pressure 

dropped  to  2  psi,  and  would  then  resume  pumping. 
Extrapolation  from  test  results  have  shown  that  for 
two  average  divers  performing  moderate  activity  at 
a  depth  of  8  feet  and  using  a  9  cubic  foot  bag,  a 

5  pump  having  a  capacity  of  3-4  liters  per  cycle 
would  need  to  be  pumped  approximately  seven- 
teen  times  every  minute  to  maintain  air  pressure 
within  the  range  of  2  psi  to  6  psi.  With  continuous 
pumping,  ten  pump  strokes  may  easily  be  accom- 

w  plished  in  20  seconds  or  less.  Calculations  based 
on  test  results  show  that  the  reservoir  pressure  will 
drop  from  6  psi  to  1  psi  in  about  60  seconds 
without  pumping,  and  that  approximately  40  sec- 
onds  of  pumping  are  needed  to  bring  the  bag 

75  pressure  back  up  to  6  psi. 
In  another  example,  when  the  reservoir  bag  is 

used  in  conjunction  with  the  intermediate  bag,  the 
pressure  should  be  maintained  within  a  range  of 
about  2.6  psi  to  3  psi  for  a  diver  at  a  maximum 

20  depth  of  6.5  feet.  The  pump  operator  would  typi- 
cally  operate  the  pump  until  the  air  pressure  in  the 
reservoir  bag  reaches  about  3  psi.  The  operator 
would  then  cease  pumping  until  the  air  pressure 
dropped  to  about  2.6  psi,  and  would  then  resume 

25  pumping.  Extrapolations  from  test  results  have 
shown  that  a  diver  performing  moderate  activity  at 
a  depth  of  6.5  feet,  using  a  3.5  cubic  foot  reservoir 
bag,  and  a  pump  with  a  capacity  of  3-4  liters  per 
cycle,  would  need  to  be  pumped  approximately 

30  seven  to  ten  times  every  minute  to  maintain  air 
pressure  within  the  range  of  about  2.6  psi  to  3.0 
psi.  With  continuous  pumping,  ten  pump  strokes 
may  easily  be  accomplished  in  twenty  seconds  or 
less.  Tests  under  the  same  conditions  using  both 

35  the  reservoir  bag  and  intermediate  bag  show  that 
the  pressure  in  the  reservoir  bag  will  drop  from  3 
psi  to  2.6  psi  in  about  12  seconds  without  pump- 
ing,  and  that  approximately  2  seconds  of  pumping 
are  needed  to  bring  the  pressure  back  up  to  3  psi. 

40  From  these  data,  it  can  be  seen  that  the  pump 
operator  has  a  considerable  amount  of  free  time  to 
devote  to  activities  other  than  pumping.  For  single 
diver  at  6.5  feet,  a  single  reservoir  system  requires 
approximately  10  pumps/minute;  whereas,  the  res- 

45  ervoir  bag  plus  the  intermediate  bag  requires  ap- 
proximately  7-8  pumps/minute  using  a  4  liter/stroke 
pump.  Thus,  as  can  be  seen  by  these  examples, 
the  use  of  the  reservoir  bag  (12)  in  conjunction  with 
the  intermediate  bag  (28),  in  contrast  to  using  the 

so  reservoir  bag  alone,  decreases  the  amount  of  time 
spent  maintaining  the  pressure. 

In  another  embodiment  of  the  present  inven- 
tion,  as  depicted  in  Figures  5  and  6,  an  electric 
pump  (50)  is  provided  for  alternate  use  with  the 

55  manual  pump  (17).  To  avoid  contamination  of  the 
pumped  air,  an  oil-less  pump  will  give  the  best 
results.  The  electric  pump  (50)  also  has  a  one-way 
exhaust  valve  (52)  connected  via  air  hose  (53)  to 
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unused  line  (31).  Additionally,  this  allows  the  un- 
used  line  (31)  to  be  removed  or  simply  to  be  coiled 
out  of  the  way  so  as  not  to  interfere  with  the  diver's 
operations.  During  a  temporary  break  in  diving  op- 

5  erations,  both  restrictor/shut-off  valves  (30)  are 
moved  to  the  "off"  position  to  better  maintain  pres- 
sure  in  the  reservoir  bag  (12).  Having  the  divers 
shut  off  air  flow  using  the  restrictor/shut-off  valves 
(30)  will  be  convenient,  since  the  divers  will  always 

w  be  close  to  the  restrictor/shut-off  valves  (30)  during 
diving  operations  and  will  generally  know  most 
precisely  when  diving  operations  are  ready  to 
cease. 

Additionally,  a  one-way  manual  squeeze  pump 
75  (66)  may  be  provided  on  the  breathing  means  to 

serve  a  dual  purpose.  In  one  use,  the  manual 
squeeze  pump  (66)  operates  to  purge  water  from 
the  diver's  line  (29,  31).  The  manual  squeeze  pump 
(66)  may  also  be  used  to  temporarily  pump  air 

20  through  the  line  to  the  diver  in  the  event  that  the 
diver  mistakenly  descended  to  a  depth  at  which  the 
air  reservoir  pressure  was  insufficient  to  supply  air 
to  the  diver.  Although  shown  on  the  full  face  mask 
(Figures  1  and  2),  the  manual  squeeze  pump  (66) 

25  could  also  be  used  with  the  mouthpiece  apparatus. 
Further,  when  only  one  diver  is  using  the  ap- 

paratus,  an  outlet  may  be  capped  by  using  outlet 
cap  (39)  to  cap  either  outlet  (26)  or  (27)  (Figure  3). 

This  invention  has  been  described  in  detail  with 
30  reference  to  particular  embodiments  thereof,  but  it 

will  be  understood  that  various  other  modifications 
can  be  effected  within  the  spirit  and  scope  of  this 
invention. 

10  Apparatus,  generally 
35  1  1  Water  Surface 

12  Reservoir  Bag 
13  Unidirectional  Inlet  Valve 
14  One-Way  Inlet  Valve  (Bag) 
16  Pressurized  Air 

40  17  Manual  Pump 
21  Inlet  Hose  to  the  Reservoir  Bag 
23  Outlet  (Reservoir  Bag) 
24  Air  Hose  to  Intermediate  Bag 
25  Inlet  Intermediate  Bag 

45  26-27  Outlet  Intermediate  Bag 
28  Intermediate  Bag 
29,  31  Air  Hose  to  Diver 
30  Flow  Restrictor/Shut  Off  Valve 
32  One-Way  Inlet  Valve  (Breathing 

50  Means) 
33  Hose  Clamp 
34  One-Way  Exhaust  Valve  (Breathing 

Means) 
35  Mouthpiece  Apparatus 

55  36  Mouthpiece 
37-38  Diver 
39  Outlet  Cap  for  Intermediate  Bag 
40  Pressure  Gauge 

bag  inlet  hose  (21)  for  delivering  air  to  the  reservoir 
bag  (12).  A  pressure  sensitive  automatic  control 
switch  (54),  is  provided  on  inlet  hose  (21)  at  its 
juncture  with  air  hose  (53).  The  pressure-sensitive 
automatic  control  switch  (54)  is  electrically  con- 
nected  to  the  electric  pump  (50)  by  electrical  line 
(55),  and  can  be  set  to  automatically  activate  the 
pump  when  the  pressure  in  the  reservoir  bag  falls 
to  a  selected  minimum  level,  such  as  2  psi,  and  to 
shut  the  pump  off  when  pressure  reaches  a  maxi- 
mum  level,  such  as  6  psi.  A  three-way  master 
switch  (56)  allows  the  electric  pump  to  be  locked 
into  an  "on"  position,  an  "off"  position,  or  to  be  set 
for  automatic  operation  as  previously  described.  A 
power  supply  (57),  such  as  a  common  car  battery, 
is  connected  to  the  electric  pump  (50)  via  electrical 
line  (58)  and  provides  the  electricity  to  operate  the 
system. 

From  this  discussion  it  may  be  seen  that  the 
electric  pump  may  be  used  as  a  backup  to  the 
manual  pump  for  safety  or  convenience  purposes, 
or  may  alternatively  be  used  for  extended  periods 
as  a  complete  replacement  for  the  manual  pump. 
Using  the  electric  pump  to  automatically  perform 
the  functions  of  the  manual  pump  has  the  advan- 
tage  of  freeing  the  pump  operator  to  perform  other 
tasks.  In  fact,  with  an  electric  pump  operating  auto- 
matically,  a  diver  may  easily  operate  the  device 
without  assistance  and  thereby  dive  alone.  How- 
ever,  for  safety  reasons,  diving  alone  is  not  recom- 
mended. 

One  or  more  pressure  release  valves  (60,  61) 
will  operate  to  release  air  from  the  reservoir  bag 
(12)  at  or  above  a  predetermined  maximum  pres- 
sure  level  to  prevent  damage  from  overpressuring 
the  system.  Generally,  this  maximum  pressure  lev- 
el  will  coincide  with  or  slightly  exceed  the  maxi- 
mum  desired  bag  pressure  level  for  the  estimated 
maximum  diver  depth,  as  discussed  above.  For 
example,  a  4  psi  release  valve  might  be  used. 
Alternately,  an  adjustable  pressure  release  valve  to 
release  air  from  the  bag  at  or  above  a  predeter- 
mined  maximum  pressure  level  might  be  used. 

In  addition,  to  maintain  a  sufficient  amount  of 
air  for  the  divers  to  breath  at  various  depths  without 
allowing  an  excessive  loss  of  air,  an  adjustable  flow 
restrictor/shut-off  valve  (30)  is  provided.  For  exam- 
ple,  if  the  divers  decrease  their  depth,  it  may  be 
necessary  to  adjust  the  flow  restrictor/shut-off  valve 
to  reduce  the  air  flow.  Further,  to  prevent  loss  of  air 
pressure  when  the  reservoir  bag  (12)  is  pressurized 
but  not  in  use,  or  when  less  than  the  maximum 
number  of  divers  are  using  the  apparatus,  a 
restrictor/shut-off  valve  (30)  is  provided  on  each  of 
the  air  hoses  (29  and  31).  For  example,  when  the 
restrictor/shut-off  valve  (30)  is  in  the  "off"  position, 
as  when  a  single  diver  (37)  is  diving  from  a  two- 
diver  device  (10),  no  air  may  escape  through  the 
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4.  An  underwater  breathing  apparatus  as  claimed 
in  claim  1  or  claim  2,  wherein  said  pump  is 
motor  driven  and  said  pressure  maintenance 
means  includes  pressure-sensitive  means  for 
automatically  operating  said  pump  in  response 
to  pressure  variations  in  said  pressurized  res- 
ervoir  bag. 

5.  An  underwater  breathing  apparatus  as  claimed 
in  any  preceding  claim,  wherein  said  breathing 
means  includes  a  face  mask  having  a  one-way 
exhaust  valve  for  exhaling  air. 

41  Flag 
42  Full  Face  Mask 
43  Ballast 
44  Fin 
45  Annular  Ring 
46  Tether  Line 
47  Conventional  Face  Mask 
50  Electric  Pump 
52  One-Way  Exhaust  Valve  (Pump) 
53  Air  Hose  (Electric  Pump) 
54  Pressure-Sensitive  Automatic  Control 

Switch 
55  Electrical  Line 
56  Three-Way  Master  Switch 
57  Power  Supply 
58  Electrical  Line  (Power  Supply) 
60,  61  Presure  Release  Valve 
66  One-way  Manual  Squeeze  Pump 

10 

An  underwater  breathing  apparatus  as  claimed 
in  claim  5,  wherein  said  face  mask  includes  a 
one-way  valve  for  inhaling  air. 

An  underwater  breathing  apparatus  as  claimed 
in  claim  5,  wherein  said  face  mask  includes  a 
manually  operated  flow  restrictor/shut-off  valve 
for  controlling  air  flow  to  said  diver. 

An  underwater  breathing  apparatus  as  claimed 
in  any  of  claims  1  to  4,  wherein  said  breathing 
means  includes  a  mouthpiece  apparatus  hav- 
ing  a  one-way  exhaust  valve  for  exhaling  air. 

An  underwater  breathing  apparatus  as  claimed 
in  claim  8,  wherein  said  mouthpiece  apparatus 
includes  a  one-way  valve  for  inhaling  air. 

6. 
75 

7. 

Claims 

1.  An  underwater  breathing  apparatus  for  sup- 
plying  air  to  a  submerged  diver,  comprising: 

a)  a  pressurized  reservoir  bag  (reservoir 
bag)  having  an  inlet  and  an  outlet; 
b)  breathing  means  worn  by  said  diver  for 
receiving  air  from  said  pressurized  reservoir 
bag; 
c)  an  air  hose  for  delivering  air  from  said 
pressurized  reservoir  bag  to  said  diver,  said 
hose  being  connected  at  one  end  to  said 
pressurized  reservoir  bag  outlet  and  at  the 
other  end  to  said  diver  breathing  means; 
d)  pump  means  connected  to  said  pressur- 
ized  reservoir  bag  inlet  via  an  airhose  for 
delivering  air  under  pressure  to  said  pres- 
surized  reservoir  bag;  and 
e)  means  for  maintaining  the  air  pressure  in 
said  pressurized  reservoir  bag  within  a  se- 
lected  range. 

2.  An  underwater  breathing  device  as  claimed  in 
claim  1  ,  further  comprising  a  floatable  variable- 
pressure  reservoir  bag  (intermediate  bag)  hav- 
ing  an  inlet  and  an  outlet,  said  floatable 
variable-pressure  reservoir  positioned  between 
and  operably  connected  to  said  pressurized 
reservoir  bag  and  said  diver  breathing  means. 

3.  An  underwater  breathing  apparatus  as  claimed 
in  claim  1  or  claim  2,  wherein  said  pump  is  a 
manually  operated  pump  and  said  pressure 
maintenance  means  includes  a  pressure  gauge 
for  gauging  pressure  in  said  pressurized  reser- 
voir  bag  to  allow  said  pump  to  be  selectively 
operated  in  response  to  pressure  variations 
within  said  pressurized  reservoir  bag. 

20 

8. 

25 

9. 

30 

10.  An  underwater  breathing  apparatus  as  claimed 
in  claim  8,  wherein  said  mouthpiece  apparatus 
includes  a  manually  operated  flow 
restrictor/shut-off  valve  for  controlling  air  flow 
to  said  diver. 

35 

11.  An  underwater  breathing  apparatus  as  claimed 
in  claim  8,  wherein  said  breathing  means  in- 

40  eludes  a  mouthpiece  for  keeping  breathing  de- 
vice  in  said  diver's  mouth  while  underwater. 

12.  An  underwater  breathing  apparatus  as  claimed 
in  claim  3,  further  including: 

a)  a  motor-driven  pump  connected  to  said 
pressurized  reservoir  bag  inlet;  and 
b)  pressure-sensitive  means  for  automati- 
cally  operating  said  motor  driven  pump  as 
an  alternative  to  said  manual  pump  in  re- 
sponse  to  variations  in  reservoir  air  pres- 
sure. 

45 

50 

13.  An  underwater  breathing  apparatus  as  claimed 
in  any  preceding  claim,  wherein  said  pressur- 
ized  reservoir  bag  has  a  pressure  relief  valve 
for  preventing  damage  from  excessive  pres- 
sure. 

55 
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one  end  to  said  floatable  variable-pressure 
reservoir  bag  outlet  and  at  the  other  end  to 
said  diver  breathing  means;  and 
h)  a  pressure  release  means  on  said  pres- 
surized  reservoir  bag,  said  means  being  ac- 
tivated  at  selected  bag  pressure  levels  to 
relieve  air  pressure  in  said  pressurized  res- 
ervoir  bag  above  said  pressurized  reservoir 
bag  above  said  pressure  levels. 

16.  An  underwater  breathing  apparatus  as  claimed 
in  claim  14  or  claim  15,  further  including  a 
one-way  manual  squeeze  pump  on  said  air 
hose  near  said  diver  for  manually  forcing  air 
from  said  hose  toward  said  diver. 

17.  An  underwater  breathing  apparatus  as  claimed 
in  claim  14  or  claim  15,  further  including  a 
buoyant  annular  ring  encircling  said  pressur- 
ized  reservoir  bag  at  or  near  water  level,  and 
ballast  along  the  bottom  of  said  pressurized 
reservoir  bag,  said  annular  ring  and  said  bal- 
last  assisting  in  maintaining  said  pressurized 
reservoir  bag  in  an  upright  position  in  the  wa- 
ter. 

14.  An  underwater  breathing  apparatus  for  sup- 
plying  air  to  a  submerged  diver,  comprising: 

a)  a  pressurized  reservoir  bag  having  an 
inlet  and  an  outlet; 
b)  breathing  means  worn  by  said  diver  for  5 
receiving  air  from  said  pressurized  reservoir 
bag; 
c)  an  air  hose  for  delivering  air  from  the  bag 
to  the  diver,  said  hose  being  connected  at 
one  end  to  said  pressurized  reservoir  bag  w 
outlet  and  at  the  other  end  to  said  diver 
breathing  means; 
d)  a  manually  operated  pump  connected  to 
said  pressurized  reservoir  bag  inlet  via  an 
airhose  for  delivering  air  under  pressure  to  75 
said  pressurized  reservoir  bag;  and 
e)  a  pressure  gauge  for  measuring  the  air 
pressure  in  said  pressurized  reservoir  bag 
to  allow  the  pump  to  be  selectively  operated 
in  response  to  bag  pressure  variations  in  20 
order  to  maintain  said  air  pressure  within  a 
selected  range;  and 
f)  pressure  release  means  on  said  pressur- 
ized  reservoir  bag,  said  means  being  ac- 
tivated  at  selected  bag  pressure  levels  to  25 
relieve  air  pressure  in  said  pressurized  res- 
ervoir  bag  above  said  pressure  levels. 

15.  An  underwater  breathing  apparatus  for  sup- 
plying  air  to  a  submerged  diver,  comprising:  30 

a)  a  pressurized  reservoir  bag  (reservoir 
bag)  having  an  inlet  and  an  outlet; 
b)  a  floatable  variable-pressure  reservoir 
bag  (intermediate  bag)  having  an  inlet  and 
an  outlet;  35 
c)  an  air  hose  for  delivering  pressurized  air 
from  said  pressurized  reservoir  to  said 
floatable  variable-pressure  reservoir  bag, 
said  hose  being  connected  at  one  end  to 
said  pressurized  reservoir  bag  outlet  and  at  40 
the  other  end  to  said  floatable  variable-pres- 
sure  reservoir  bag  inlet; 
d)  a  manually  operated  pump  connected  to 
said  pressurized  reservoir  bag  inlet  via  an 
air  hose  for  delivering  air  under  pressure  to  45 
said  pressurized  reservoir  bag; 
e)  a  pressure  gauge  for  measuring  the  air 
pressure  in  said  pressurized  reservoir  bag 
to  allow  the  pump  to  be  selectively  operated 
in  response  to  bag  pressure  variations  in  50 
order  to  maintain  said  air  pressure  within  a 
selected  range; 
f)  a  breathing  means  worn  by  said  diver  for 
receiving  air  from  said  floatable  variable- 
pressure  reservoir  bag;  55 
g)  an  air  hose  for  delivering  air  from  said 
floatable  variable-pressure  reservoir  bag  to 
said  diver,  said  hose  being  connected  at 
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