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This invention relates to a diving apparatus. In par 
ticular, the invention is directed to the supply of oxygen 
and helium to an aqua lung. 
A respirator or a breathing bag for deep water diving 

is known in which the breathing gas composed of oxygen 
and a rare gas is supplied automatically in dependence 
upon the water pressure. When a water depth is reached 
whose pressure exceeds the partial oxygen pressure need 
ed for safe breathing, the supply of oxygen and helium 
continues automatically only to the extent necessary for 
maintaining the oxygen partial pressure needed for safe 
breathing, this being done by replacing the oxygen 
used in breathing with an inert gas. The pressure bal 
ance relative to increased water pressure is maintained 
solely by supplying a gas mixture or pure helium through 
a self-controlled valve independent of the absolute water 
pressure. Such apparatus requires three gas bottles, 
namely for oxygen, helium, and a 90 to 10 ratio mixture 
of helium and oxygen, respectively. These gases are 
Supplied to the breathing system through automatic 
valves. For supplying the helium-oxygen mixture and 
the oxygen, respectively, automatically controlled valves 
are used which are actuated by pressure differences be 
tween the inside and outside of the breathing bag. The 
helium is Supplied through a valve responsive to the 
absolute. Water pressure and opens only when a certain 
depth has been reached. If the difference in pressure be 
tween the breathing bag and the water depth is less than 
0.03 atmospheres, the helium-oxygen mixture gas valve 
opens and fills the breathing bag, and the valve is closed 
when the pressure difference reaches 0.03 atmospheres. 
The pure oxygen valve opens only upon a pressure dif 
ference of more than 0.01 atmospheres, and this valve 
closes when the pressure difference reaches 0.03 atmos 
pheres. The helium valve opens only upon a pressure of 
10 atmospheres, which corresponds to a water depth of 
about 90 meters. At this depth, substantially all of the 
helium flows into the breathing bag whose oxygen content 
is thus reduced suddenly. 
The disadvantage of the above apparatus lies in that 

the oxygen partial pressure is not even approximately 
constant, and from 0-90 meters of water depth, the oxy 
gen content is about 10 percent. Thus the oxygen partial 
pressure is variable. The danger is present in that suffi 
cient oxygen is not available for the Swimmer in low 
depths. Furthermore, the oxygen content is not exactly 
defined or constant, both the oxygen and the oxygen 
helium mixture flow irregularly into the breathing bag. 

It has been suggested further to use a helium-oxygen 
mixture for diving to great depths, it being assumed that 
the helium will prevent the unpleasant effects caused by 
the nitrogen in the air. Such helium-oxygen mixture is 
composed of 20 percent oxygen and 80 percent helium, 
and can be used up to a depth of 90 meters without 
causing oxygen poisoning. At present, however, the 
mixture must be supplied at the rate of at least 10 liters 
per minute, even when the diver is at low depths. Con 
sequently, there is a considerable waste of helium. 
The objects of the invention are to overcome the dis 

advantages of prior known apparatuses; to produce an 
independent deep-diving apparatus having a supply of 
oxygen and inert gas and means for absorbing carbonic 
acid; and to produce an apparatus in which only two gas 
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bottles are necessary, namely one for oxygen and one 
for helium. 

In general, these objects are obtained by connecting the 
OXygen and helium bottles to the breathing bag through 
a series of valves so that down to a certain depth only 
OXygen is supplied, and at a greater depth a mixture of 
oxygen and inert gas is supplied, with the composed mix 
ture variable as a function of the depth. The valve sys 
tem is such that the blending of the helium and oxygen 
is regulated as a function of the water depth. 

In a simple embodiment of the invention, the quan 
tity of helium supplied is regulated as a function of the 
Water depth. It is so regulated that the addition of 
helium to oxygen begins at a depth of 10 meters and 
increases proportionately to a further increase in water 
depth. To accomplish this, a pipe line between the 
breathing bag and the helium bottle includes a double 
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diaphragm helium cut-off valve having a large diaphragm 
exposed to the breathing bag pressure and a small dia 
phragm exposed to the helium bottle pressure when the 
valve is open. Regulating springs pressing on the dia 
phragms are adjusted so that to a water depth of 10 
meters the closing force on the valve is greater than spring 
pressure plus the water depth pressure on the breathing 
bag. The relative sizes of the large and small diaphragms 
are chosen so that the valve opening pressure on the 
large diaphragm increases proportionally to the water 
pressure. A throttled or nozzle containing by-pass pipe 
line extends around the diaphragms for metering the flow 
of helium when the valve is open. 
The apparatus is also constructed so that the oxygen 

supply is constant regardless of water depth. The oxygen 
low pressure is adjusted so that a constant weight of 
OXygen is supplied to the breathing bag. For example, a 
pressure reducer valve is inserted into the line connecting 
the oxygen bottle with the breathing bag, the low pres 
Sure constant of which is independent of the water depth. 
The adjusting spring for this valve is in a waterproof 
housing closed off against the water pressure. A metering 
Valve or nozzle is inserted between the pressure reducer 
valve and the breathing bag. The low pressure for the 
oxygen supply is adjusted to be about twice the maxi 
num pressure in the breathing bag so that a substantially 
constant quantity of oxygen flows into the bag. This 
low pressure may be called the critical pressure. 
The apparatus is further provided with an additional 

hand-operated double valve, which will open an addi 
tional inert gas valve and an additional oxygen valve. 
The means by which the objects of the invention are 

obtained are described more fully with respect to the ac 
companying diagrammatic drawing. 
The fiexible breathing bag 1 contains a cartridge 2 

composed of lime or the like for absorbing CO. The 
inlet hose 3 leads to the mouthpiece 4 for the face mask, 
exhaled air being returned to the breathing bag through 
hose 5. 
A pipe line 6 is joined to breathing bag 1 and is 

branched off by pipe 7 leading to the oxygen tank 8. 
Mounted in this pipe line is an oxygen pressure reducer 
valve it. This valve is contained in a housing sealed 
against Water pressure and contains a diaphragm 2 which 
actuates the valve head 14 and is adjusted by the spring 
i6 pressed by a nut 18 threaded in the housing. The 
effect of diaphragm 12 is to allow the flow of a minimum 
or low pressure Supply of oxygen which is constant regard 
less of Water depth. For example, if spring 16 is adjusted 
to a pressure of 25 atmospheres, a constant supply of 
oxygen will flow through line 7 down to a water depth 
of 30 meters. 

Line 7 includes a nozzle or metering valve 20. A pipe 
line 22 extends from valve 10 and line 7 to a manually 
operated valve 24 for a purpose to be described later. 
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A second pipe line 26 branched off pipe 6 leads through 
a double diaphragm valve 28 to helium tank 30. Valve 
28 contains a large diaphragm 32 urged by a spring 34 
adjusted by a nut 36. Diaphragm 32 is exposed to the 
pressure in the flexible breathing bag 1. The pressure 
in this bag is varied according to the water depth and 
spring 34 is set so that the diaphragm will function at a 
depth of 10 meters. A small diaphragm 38 is joined 
by a valve stem to a valve head 40 which opens and 
closes the outlet of the helium tank 30. This diaphragm 
38 is urged into valve head closing position by spring 42. 
Communicating with the valve opening to the helium tank 
is a pipeline 44 extending to valve 24. Branched off of 
this pipe is a pipe 46 which by-passes diaphragms 32 
and 38 and establishes communication with pipe 26. A 
nozzle or throttle valve 50, substantially similar to valve 
20, is inserted inline 46. 
. The pressure of spring 42 on small diaphragm 38 will 
keep valve head 40 closed at a water depth less than 10 
meters. When this depth is reached or exceeded, the 
water pressure on breathing bag 1 causes diaphragm 32 
to overcome the pressure of spring 42 and open valve 
40, thus permitting helium to flow through pipe 46 and 
into breathing bag 1. The relative sizes of the dia 
phragms are such that the valve opening pressure on dia 
phragm 32 increases proportionally to the water pressure. 
In other words, at depths greater than 10 meters, the 
proportion of helium to oxygen supplied to breathing 
bag 1 increases proportionally with an increase in water 
depth. The mixture of oxygen and helium takes place in 
pipe 6 prior to reaching the breathing bag. 
At the beginning of a dive, breathing bag 1 must be 

kept filled with oxygen by operating manual valve 24 in 
order to increase the pressure in the bag to overcome the 
reduction of the volume of the bag by the water pres 
sure. Pipe lines 22 and 44 lead into valve 24 which 
contains a plunger. 52 attached to a valve head 54 and 
normally held closed by a spring 56. This valve is con 
nected to pipe 6 by pipe 58. Down to a depth of 10 
meters, oxygen only can be supplied to bag as valve 
40 is closed against the flow of helium. Thus the oxygen 
partial pressure alone exists in bag 1 down to 10 meters. 
At depths greater than 10 meters, valve 40 opens and 
helium flows through valve 24 so that the proportion of 
oxygen in bag 1 is accordingly reduced. This proportion 
is constantly adjusted as a function of the water depth 
by means of diaphragms 32 and 38. Upon ascending, 
the gas in bag 1 expands and is exhausted through pres 
sure relief valve 60. At the same time, the flow of helium 
is reduced and a greater proportion of oxygen is supplied 
to bag. i. Upon reaching a depth of 10 meters or less, 
the helium is shut off and only oxygen reaches bag 1. 
- The advantages of the apparatus of this invention lie 
in that a constant oxygen partial pressure is maintained, 
which upon adjustment does not exceed 2 atmospheres. 
For example, the swimmer when diving does not need 
to concentrate on the operation of valves, the oxygen 
partial pressure being maintained. Furthermore, only the 
necessary amount of helium is used, the wasteful excess 
being avoided. Finally, the apparatus has the advantage 
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that only tanks containing oxygen and inert gas, respec 
tively, need to be carried, and no extra tank having a 
mixture of the two gases is required. The mixture of the 
gases is automatically effected as a function of the depth 
of Water. 

This application is a continuation-in-part of my co 
pending application Serial No. 561,317, filed January 25, 
1956, for "Diving Apparatus' and now abandoned. 
Having now described the means by which the objects 

of the invention are obtained, 
I claim: 
1. A swimmer's diving apparatus comprising a breath 

ing bag, absorption means in said bag, a mouthpiece, 
hoses connecting said bag and said absorption means to 
said mouthpiece, separate inert gas Supply means and 
oxygen supply means, respectively, passageway means 
connecting each of said supply means to said breathing 
bag, first valve means connected to said passageway means 
for supplying oxygen only from said oxygen supply means 
at a constant rate and pressure to said bag independently 
of the pressure in said bag and from water surface down 
to all permissible diving depths, and second valve means 
in the passageway means for said inert gas supply means 
and connected to the passageway means for said oxygen 
supply means and under bag pressure at all water depths 
in addition to the oxygen pressure supplied by said first 
valve means for adding inert gas from said inert gas sup 
ply means to said bag only below a certain water depth 
to form a mixture of oxygen and inert gas. 

2. An apparatus as in claim 1, said second valve means 
further comprising means for regulating the rate of flow 
of the inert gas into the mixture of gases as a function of 
the water depth. 
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3. An apparatus as in claim 2, said regulating means 
comprising a double diaphragm pressure reducer valve 
having a larger diaphragm communicating with the inert 
gas passageway means to said breathing bag, a smaller 
diaphragm in spaced contact and movable with said larger 
diaphragm, a valve located in said inert gas passageway 
means between said inert gas supply means and said 
breathing bag and connected to said smaller diaphragm, 
and metering valve means in said inert gas passageway 
means coupled across said larger diaphragm and said 
smaller diaphragm. m 

4. An apparatus as in claim 3, further comprising a 
closing and adjusting spring for said double diaphragm 
pressure reducer valve so adjusted that the combined 
water pressure on the smaller diaphragm plus the spring 
pressure keeps the inert gas valve closed down to a water 
depth of 10 meters. . 

5. An apparatus as in claim 1, said first valve means 
comprising a pressure reducing valve. 
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