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@  Replenishable  self  contained  breathing  apparatus. 

@  A  high  pressure  breathing  gas  transfer  system  is  pro- 
vided  where  high  pressure  air  from  a  tank  (2)  of  one  SCBA,  or  a 
central  storage  supply,  can  be  quickly  transferred  directly  into 
the  high  pressure  air  tank  (2a)  of  a  second  SCBA. 

The  high  pressure  transfer  line  (3)  has  a  quick  connect 
coupling  attached  to  each  end  to  enable  connection  to  the 
check  valves  (7,  7a).  After  the  line  (3)  is  attached,  a  lever  is  de- 
pressed  on  one  of  the  couplings  to  open  the  donor  check 
valve.  High  pressure  air  then  flows  out  of  the  donor  tank  (2) 
and  forces  the  check  valve  (7a)  open  on  the  donee  tank  (2a). 
The  air  transfer  continues  until  the  internal  pressure  of  the  two 
tanks  (2,  2a)  is  equalized  and  the  donee  tank  (2a)  has  received 
half  of  the  air  that  was  initially  inside  the  donor  tank  (2). 

\iT 

00 
CO 
<0 

10 
o  

u i  

ACTORUM  AG 



0 2 3 5 6 8 8  

A 

REPLENISHABLE  SELF  CONTAINED  BREATHING  APPARATUS 

FIELD  OF  THE  INVENTION 

The  invention  relates  to  self  contained  breathing  apparatuses  

(SCBA),  and  more  pa r t i cu la r ly   to  a  system  whereby  the  air  supply  of  one 

SCBA  can  be  replenished  by  rapidly  t ransfer r ing   high  pressure  air  d i r e c t l y  

from  the  air  supply  of  a  second  SCBA,  or  other  air  supply,  without 

in te r fe r ing   with  the  normal  breathing  of  the  SCBA  use r s .  

BACKGROUND  OF  THE  INVENTION 

Emergency  personnel,  such  as  firemen,  are  often  required  to  use 

SCBA's  when  working  around  a  toxic  atmosphere.  Whenever  emergency  workers 

must  use  SCBA's,  their  effect iveness   is  curtai led  because  of  the  l imi ted  

supply  of  air  that  is  provided  in  a  SCBA.  When  a  worker's  air  supply 

becomes  depleted,  he  must  leave  the  scene  of  the  emergency  to  replace  the 

empty  tank.  Given  this  l imi ta t ion ,   workers  waste  valuable  time  leaving  the 

scene  to  r e f i l l   their  air  tanks .  

Similarly  any  time  that  a  worker  uses  an  SCBA,  he  becomes 

dependent  on  his  air  supply.  If  the  worker  becomes  trapped  or  injured  and 

can  not  leave  the  scene  on  his  own,  he  will  suffocate  when  his  air  supply  is  

exhausted.  To  save  the  trapped  worker's  l i fe ,   the  worker  can  share  the  a i r  

supply  of  another  worker  using  an  SCBA.  The  sharing  of  air  supplies  is  

called  "buddy  b r ea th ing" .  

The  concept  of  buddy  breathing  is  a  r e l a t ive ly   old  idea  in  which 

two  persons  using  SCBA's  share  a  single  SCBA's  air  supply  to  provide  mutual 
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safety,  rfien  one  user  faces  air  depletion  during  a  hazardous  s i tua t ion .   The 

air  is  normally  shared  by  taking  low  pressure  air  d i rec t ly   from  the  mask  or 

regula tor   of  the  donor  SGBA.  The  concept  of  sharing  an  air  supply  fay  taking 

low  pressure  air  d i rec t ly   from  the  regulator  has  been  disclosed  in  numerous 

U.S.  patents  including:  Kirby,  U.S.  Patent  No.  4,111,342;  Mattingly,  U.S. 

Patent  No.  4,392,490;  and  Gray,  U.S.  Patent  No.  4 ,449,524.  

There  are  problems  inherent  in  such  methods  of  sharing  air.  One 

problem  is  that  both  men  are  joined  together  throughout  the  procedure.  When 

the  men  are  attached  together,   it  is  often  impossible  to  exit  a  bui ld ing 

through  small  escape  paths  such  as  windows  or  doors.  It  is  also  poss ib le  

that  a  connecting  air  tube  can  become  damaged  or  entangled.  Further,  t h i s  

arrangement  necess i ta tes   that  both  men  leave  the  emergency  scene  at  the  same 

time  so  that  the  man  with  the  exhausted  air  supply  can  reach  a  safe 

atmosphere.  This  means  that  an  addit ional  worker  is  temporarily  de te r red  

from  f ighting  the  emergency. 

Another  s i tua t ion   in  which  this  arrangement  presents  a  problem  is  

when  one  worker  becomes  trapped.  In  order  for  another  man  to  share  his  a i r  

supply,  he  must  remain  with  the  trapped  worker  until  help  arrives,   thereby 

endangering  his  own  life  as  we l l .  

SUMMARY  OF  THE  INVENTION 

An  object  of  this  invention  is  to  provide  a  means  to  replenish  the 

air  supply  of  an  SCBA  while  the  SCBA  is  in  use.  A  further  object  is  to 

replenish  the  air  supply  from  a  second  SGBA  while  it  too  is  in  use.  A 

fur ther   object  Is  to  provide  such  replenishment  by  rapidly  r e f i l l i ng   the 

depleted  SCBA  air  tank  with  high  pressure  air  taken  d i rec t ly   from  the  donor 
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tank  of  a  second  SCBA.  This  arrangement  allows  the  man  in  need  of  air  to 

continue  to  breath  d i rec t ly   from  the  air  mask  of  his  own  SCBA  since  the  a i r  

tank  i t s e l f   is  p a r t i a l l y   r e f i l l e d .  

In  accordance  with  this  invention,  the  high  pressure  air  t r a n s f e r  

system  comprises  at  least  one  SCBA  that  is  low  on  breathing  air  to  act  as  a 

donee  SCBA.  The  donee  SCBA  is  comprised  of:  a  high  pressure  breathing  gas 

source,  suitably  an  air  tank  including  associated  high-pressure  f i t t i n g s ,  

having  an  out let ;   a  valve  means  for  closing  the  out let ,   a  pressure  reducing 

means  f luidly  connected  to  said  high  pressure  source;  a  breathing  hose 

f luidly  connected  to  said  pressure  reducing  means;  a  breathing  means, 

preferably  an  air  mask,  f luidly  connected  to  said  breathing  hose;  and,  a 

high  pressure  conduit  detachably  connecting  said  valve  means.  The  system 

further  requires  a  donor  air  source  such  as  another  SCBA  air  tank  or  c e n t r a l  

storage  supply  of  compressed  high  pressure  a i r .  

The  present  invention  provides  a  system  whereby  the  donee  tank  can 

be  immediately  f i l led  with  high  pressure  air,   either  from  the  tank  of  a 

donor  SCBA  or  from  a  central  air  supply,  by  temporarily  connecting  an  a i r  

t ransfer   line,  preferably  with  quick  connect  f i t t i ngs ,   between  two  high 

pressure  valved  out le ts .   The  valves  incorporated  into  each  SCBA  or  the 

central  storage  supply  are  preferably  check  valves  that  normally  close  the 

ou t le t .   The  t ransfer   between  a  donee  SCBA  and  donor  SCBA  occurs  since  the 

internal   pressure  of  the  donor  tank  is  higher  than  the  internal   pressure  of 

the  donee  tank.  When  the  two  are  connected  by  a  common  line,  there  is  a 

t ransfer   of  air  from  the  higher  pressure  donor  tank  into  the  lower  p ressure  

donee  tank  as  the  internal  pressure  in  the  newly  formed  system  is  equal ized .  
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The  t ransfer   line  is  then  disconnected  by  pulling  the  quick 

connect  f i t t i ngs   from  the  ou t le t s .   Either  man  can  now  exit  the  scene 

ind iv idua l ly   to  obtain  a  new  air  supply  or  remain  at  the  scene  to  continue 

responding  to  the  emergency.  The  invention  also  makes  it  possible  for 

workers  to  remain  at  the  scene  almost  inde f in i t e ly ,   as  one  person  can  bring 

in  new  air  to  all  of  the  workers  at  the  scene.  

It  is  a  feature  of  this  invention  that  the  air  t ransfer   is  done 

en t i r e ly   on  the  high  pressure  side  of  the  regulator  without  in ter fer ing   wi th  

the  normal  operation  of  the  low  pressure  side  of  the  regulator  to  provide 

b  reathing  air  . 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  view  of  a  high  pressure  gas  t ransfer   system. 

Fig.  2  is  a  cross  sectional  view  of  an  embodiment  of  a  quick 

connect  check  valve  and  socket  assembly  suitable  for  use  in  the  system  of 

Fig.  1  in  a  fully  disconnected  p o s i t i o n .  

Fig.  3  is  a  cross  sectional  view  of  the  quick  connect  check  valve 

and  socket  assembly  of  Fig.  2  in  a  fully  connected  p o s i t i o n .  

Fig.  4  is  a  cross  sectional   view  of  the  quick  connect  check  valve 

and  socket  assembly  of  Fig.  2  in  a  vent  p o s i t i o n .  

Fig.  5  is  a  cross  sectional   view  of  an  a l t e rna t ive   coupling 

incorporat ing  a  pressure  limiting  va lve .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

With  reference  to  Fig.  1,  the  t ransfer   system  comprises  two  SCBA's 

13  and  13a,  with  high  pressure  air  tanks  2  and  2a.  The  tank  opens 

(convent ional ly   through  a  tank  valve,  not  shown)  through  conduit  12  (12a)  to 
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a  T-coupling  7  (7a).  One  outlet  of  T-coupling  7  (7a)  is  closed  by  valve  8 

(8a)  and  a  pressure  reducing  means,  such  as  a  demand  or  pressure-demand 

regulator   4  (4a)  is  connected  to  the  other  coupling  out le t .   For  the 

purposes  of  this  appl icat ion,   the  entire  portion  of  the  SCBA  at  high  ( tank)  

pressure,  the  tank  2  (2a),  line  12  (12a),  and  coupling  7  (7a),  is  considered 

as  the  air  source.  When  high  pressure  air  is  available  to  regulator  4  ( 4a ) ,  

it  reduces  the  pressure  to  provide  low  pressure  breathing  air  through  a i r  

hose  6  (6a)  to  mask  11  (l la)  or  other  breathing  p iece .  

When  the  user  of  apparatus  13a  begins  to  run  out  of  air,  high 

pressure  air  can  be  t ransferred  d i rec t ly   and  rapidly  from  the  air  tank 

2  of  apparatus  13  into  the  depleted  tank  2a  of  apparatus  13a.  The  t r a n s f e r  

is  accomplished  by  connecting  conduit  3  to  valves  8  and  8a,  and  opening  the 

valves,  providing  a  fluid  connection  between  the  two  apparatuses.  Air 

rapidly  flows  from  tank  2  to  tank  2a  until  the  pressure  equalizes,   providing 

breathing  air  to  apparatus  13a.  Valves  8  and  8a  are  closed,  conduit  3  i s  

disconnected,  and  each  user  has  an  independent  supply  of  a i r .  

Al te rna t ive ly ,   the  user  can  replenish  his  air  supply,  without 

changing  tanks,  from  a  separate  supply  tank  having  an  outlet   adapted  to  be 

connected  to  conduit  3.  For  example,  fire  trucks  can  be  equipped  with  such 

supply  tanks,  obviating  the  present  practice  of  carrying  replacement  tanks 

to  fire  scenes  . 

Valve  8,  8a  is  preferably  a  check  valve  that  normally  closes  flow 

out  from  coupling  7.  Means  are  provided,  preferably  as  a  part  of  the  means 

connecting  conduit  3  with  valve  8  (8a),  to  open  the  check  valve  on  the  donor 

apparatus  . 
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With  reference  Co  Fig.  2  through  Fig.  4,  the  connection  between 

the  hose  3  and  one  SCBA  is  accomplished  by  connecting  socket  assembly  101  to 

check  valve  201  that  is  seated  in  the  outlet  of  coupling  7.  In  the  f u l l y  

disconnected  posi t ion,   as  shown  in  Fig.  2,  high  pressure  air  is  prevented 

from  flowing  out  of  the  donor  system  by  check  valve  201  as  high  pressure  in  

coupling  7  forces  valve  poppet  203  in  contact  with  seat  204.  Valve  poppet 

203  is  r ig id ly   attached  to  a  steel  rod  205  that  is  si tuated  inside  of  an  a i r  

tunnel  206.  The  rod  205  is  s i tuated  so  that  it  can  slide  back  and  for th  

inside  of  air  tunnel  206. 

In  Fig.  3,  the  check  valve  201  is  shown  connected  to  the  socket 

101.  When  the  check  valve  201  is  slid  into  the  socket  101,  the  nose  208  of  

the  check  valve  201  is  sealed  to  the  socket  by  0-ring  102. 

The  check  valve  201  is  locked  in  place  by  two  locking  pins  103. 

When  the  check  valve  201  is  pushed  into  the  socket  101,  the  locking  pins  103 

are  pushed  up  inclined  paths  104  by  the  forward  lip  209  of  the  check  valve 

201.  The  locking  pins  103  are  held  in  contact  to  a  sliding  sleeve  115  by 

a  spring  105  and  thrust  washer  107.  As  the  large  lip  209  passes  beyond  the 

locking  pins  103,  sleeve  115  slides  forward  and  the  locking  pins  103  s l i d e  

back  down  the  inclined  paths  104,  past  small  lip  210,  locking  the  valve  201 

into  the  socket  101. 

Positioned  inside  of  socket  101  is  a  valve  actuator  assembly  106, 

comprising  a  rod  106a  and  a  hollow  piston  106b,  that  can  slide  back  and 

forth  inside  of  the  socket  body  117.  Spring  118  urges  the  assembly  aga ins t  

cam  108.  The  air  passage  through  the  socket  always  remains  open,  via  por ts  

119,  the  passage  through  piston  106b  and  vent  port  120.  Actuator  cam  108  is 

attached  to  actuator  cam  shaft  110  that  is  turned  by  a  lever  111  outside  the 

socket  body  117. 



0 2 3 5 6 8 8  

7   
;  ;  '■■'■  :  '■' 

The  closed  end  of  the  socket  101  is  attached  to  one  end  of  an  a i r  

line  3.  The  other  end  of  the  line  3  is  attached  to  a  second  socket  (not 

shown)  ident ical   to  that  shown  in  Figs.  2,  3  and  4.  The  connection  between 

the  two  high  pressure  sources  is  made  by  f i r s t   attaching  one  socket  101  to 

the  check  valve  201  of  the  donor  tank.  Then,  the  second  socket  101  i s  

pushed  onto  the  check  valve  201  of  the  donee  tank.  The  actual  order  of 

connection  is  unimportant  since  the  f i r s t   connection  can  be  made  either  to 

the  donor  tank  or  to  the  donee  tank. 

After  the  connections  have  been  made,  the  lever  111  of  the  socket 

connected  to  the  donor  apparatus  is  depressed  causing  the  cam  108  to  r o t a t e  

and  move  the  actuator  assembly  106  toward  the  check  valve  201.  The  a c t u a t o r  

rod  106a  forces  the  check  valve  rod  205  and  valve  poppet  203  inward,  holding 

check  valve  201  of  the  donor  apparatus  in  an  open  posi t ion.   Air  will  now 

flow  to  the  donee  apparatus  through  the  air  line  3,  the  socket  101  and  check 

valve  201  connection  made  with  the  donee  apparatus,  the  air  pressure  from 

the  donor  apparatus  forcing  open  the  check  valve  on  the  donee  appara tus .  

Flow  can  be  increased  by  depressing  the  lever  on  the  socket  connected  to  the 

donee  apparatus,  thereby  mechanically  completely  opening  the  check  valve  on 

the  donee  appara tus .  

When  the  pressure  between  the  two  air  sources  has  equalized,  the 

sockets  101  are  separated  from  the  check  valves  201.  The  i l l u s t r a t e d  

embodiment  provides  for  venting  pressure  from  the  t ransfer   line  before  the 

connection  can  be  separated.  With  reference  to  Fig.  4,  the  sleeve  115  is  

pulled  back  away  from  the  check  valves  201,  thereby  causing  the  locking  pins 

103  to  slide  back  up  the  inclined  paths  104  to  a  vent  posit ion.   Locking 

pins  103  are  held  in  contact  to  the  sleeve  115  by  spring  105  and  t h r u s t  

washer  107.  As  the  sleeve  115  is  pulled  away  from  the  check  valve  201,  the 
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locking  pins  103  pivot  away  from  center  as  they  are  drawn  up  incline  paths 

104  and  beyond  check  valve  lip  210.  The  part ial   separation  of  the  check 

valve  and  socket  101,  limited  by  the  locking  pins  103  engaging  flange  209  , 

permits  venting  into  the  atmosphere  through  the  air  vents  120.  The  check 

valve  201  then  closes  as  the  internal  pressure  in  the  t ransfer   l i n e  

decreases  . 

Fig.  5  is  a  modified  coupling,  incorporating  a  pressure  l imi t ing  

valve,  that  can  be  used  to  limit  the  amount*  of  air  t ransferred  to  the  donee 

apparatus.   When  trans  f i l l ing   high  pressure  air,  the  limiting  valve  301 

l imits   the  amount  of  air  pressure  delivered  to  the  donee  tank  to  a 

predetermined  maximum  pressure.   Thus  the  pressure  limiting  valve  301  can  be 

used  to  prevent  the  t r a n s f i l l i n g   of  air  between  a  donee  tank,  having  a 

maximum  pressure  capacity  of  2200  psi,  and  a  donor  tank  having  a  pressure  

greater   that  2200  psig,  such  as  4500  psig  apparatus  that  is  also  now  in  

use .  

The  l imiting  valve  301  is  positioned  inside  of  a  housing  302.  The 

housing  302  has  three  out le ts ,   303,  304  and  305.  Outlet  303  is  adapted  to 

receive  a  check  valve  201,  outlet   304  is  adapted  to  receive  a  regulator ,   and 

out let   305  is  adapted  to  be  connected  to  a  high  pressure  source.  

When  the  donee  apparatus  is  connected  to  receive  air  from  the 

donor  apparatus  through  a  check  valve  opening  to  outlet  303,  air  enters  

through  f i l t e r   306  and  into  the  valve  assembly  301.  At  source  pressures  

below  2200  psi,  the  valve  piston  307  keeps  the  valve  poppet  308  unseated 

from  valve  seat  310,  allowing  air  to  flow  around  the  valve  poppet  308, 

through  seat  opening  311,  and  ports  313,  to  the  donee  source.  If  the 

pressure  at  the  face  314  of  piston  307  exceeds  2200  psi,  the  piston  307 
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moves  to  the  r ight ,   overcoming  the  spring  force  caused  by  spring  309, 

seating  valve  poppet  308  and  thereby  closing  the  va lve .  

Although  the  invention  has  been  described  with  reference  to  a 

specific  embodiment,  it  will  be  clear  to  those  skilled  in  the  art  that  many 

var ia t ions   and  modifications  may  be  made  from  the  detai ls   set  forth  in  the 

spec i f i ca t ion ,   without  departing  from  the  inventive  concepts  d i sc losed  

h e r e i n .  
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I  CLAIM: 

1.  A  high  pressure  gas  t ransfer   system  comprising  a  f i r s t   and 

second  breathing  apparatus,  each  apparatus  comprising, 

a  high  pressure  breathing  gas  tank  having  an  o u t l e t ,  

coupling  means  having  a  f i r s t   opening  f l u id i ca l l y   connected 

to  said  o u t l e t ,  

said  coupling  means  having  second  and  third  openings,  the 

second  opening  being  an  outlet   from  the  appara tus ,  

pressure  reducing  means  f l u id i ca l l y   connected  to  said  t h i r d  

opening  ,  and 

means  f l u id i ca l l y   connected  to  said  pressure  reducing  means 

for  delivering  breathing  gas  to  a  user ;  

the  pressure  of  breathing  gas  in  the  tank  of  said  f i r s t   apparatus 

being  at  a  higher  pressure  than  the  pressure  of  breathing  gas  in  the  tank  of 

said  second  appara tus ,  

a  detachable  high  pressure  conduit  f l u id i ca l l y   interconnecting  the 

said  second  opening  of  the  f i r s t   apparatus  with  the  said  second  opening  of 

the  second  appara tus ,  

f i r s t   valve  means  for  opening  and  closing  the  said  second  opening 

of  the  f i r s t   apparatus  to  permit  flow  from  the  tank  of  the  f i rs t   apparatus 

when  said  f i r s t   valve  means  is  open, 

second  valve  means  for  opening  and  closing  the  said  second  opening 

of  the  second  apparatus  to  permit  flow  into  the  tank  of  the  second  apparatus 

when  said  second  valve  means  is  open, 

whereby  breathing  gas  is  t ransferred  from  the  tank  of  the  f i r s t  

apparatus  to  the  tank  of  the  second  apparatus  when  the  f i rs t   and  second 

valve  means  are  opened. 

2.  A  system  according  to  claim  1  in  which  the  second  apparatus 

has  a  third  valve  means  that  closes  the  second  opening  of  the  second 

apparatus  when  the  second  apparatus  tank  pressure  exceeds  a  predetermined 

p r e s su re .  
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3.  A  system  according  to  claim  1  in  which  the  f i r s t   valve  means 

is  a  check  valve  means  normally  preventing  flow  from  the  f i r s t   appara tus .  

4.  A  system  according  to  claim  3  in  which  said  conduit  includes 

manually  operated  mechanical  actuating  means  operable  on  connection  of  the 

conduit  to  the  f i rs t   apparatus  to  engage  and  open  the  check  valve  means  to 

permit  flow  from  the  appara tus .  

5.  A  system  according  to  claim  3  where  said  high  pressure  conduit  

comprises  a  hose  having  a  quick  connect  f i t t ing  on  each  end  that  is  adapted 

to  connect  to  said  check  va lve .  

6.  A  self  contained  breathing  apparatus  comprising 

a  high  pressure  breathing  gas  tank  having  an  o u t l e t ;  

coupling  means  having  a  f i rs t   opening  f l u id i ca l l y   connected  to 

said  o u t l e t ;  

said  coupling  means  having  second  and  third  openings,  the  second 

opening  being  an  outlet  from  the  appara tus ;  

a  f i r s t   valve  means  for  opening  and  closing  said  second  opening 

permit  flow  to  from  or  into  the  tank  when  the  said  f i rs t   valve  means  is 

open; 

a  second  valve  means  that  closes  in  response  to  the  pressure  of 

breathing  gas  in  the  tank  exceeding  a  predetermined  pressure  to  prevent  flow 

from  the  second  opening  into  the  tank, 

pressure  reducing  means  f l u id i ca l ly   connected  to  said  t h i rd  

opening;  and 

means  f lu id ica l ly   connected  to  said  pressure  reducing  means  for 

delivering  breathing  gas  to  a  use r .  

7.  A  self  contained  breathing  apparatus  according  to  claim  6  where 

said  f i rs t   valve  means  is  a  check  valve  means  normally  preventing  flow  from 

the  appara tus .  

8.  A  system  for  f i l l ing   of  breathing  apparatuses  comprising 

a  source  of  compressed  breathing  gas  having  a  high  p ressure  

o u t l e t ;  

a  self  contained  breathing  apparatus  comprising 
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coupling  means  having  a  f i r s t   opening-  f lu idieal ly-   connactsd  to 

said  o u t l e t ,  

said  coupling  means  having  second  and  third  openings,  the  second 

opening  being  an  outlet   from  the  appara tus ;  

pressure  reducing  means  f l u id i ca l l y   connected  to  said  t h i r d  

opening;  and 

means  f l u id i ca l l y   connected  to  said  pressure  reducing  means  for  

del ivering  breathing  gas  to  a  user ;  

a  detachable  high  pressure  conduit  f l u id i ca l l y   in te rconnec t ing  

said  second  opening  and  the  said  outlet  from  the  source  of  compressed 

breathing  gas,  

a  f i r s t   valve  means  for  opening  and  closing  said  second  opening  to 

permit  flow  into  the  tank  v*ien  the  f i rs t   valve  means  is  open,  and 

a  second  valve  means  that  closes  in  response  to  the  pressure  of 

breathing  gas  in  the  tank  exceeding  a  predetermined  pressure  to  prevent  flow 

from  the  second  opening  into  the  tank,  he reby   breathing  gas  is  t r a n s f e r r e d  

from  the  source  to  the  tank  when  the  f i r s t   and  second  valve  means  are  open. 

9.  A  system  according  to  claim  8  where  said  f i rs t   valve  means  is  a 

check  valve  means  normally  preventing  flow  from  the  appara tus .  
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