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' 5 Claims. (Cl. 128-142) 

This invention relates to an electrically controlled 
breathing apparatus particularly for use in. under-water 
diving, although it may- be advantageously employed 
by any person working in an atmosphere where the air 
is either. contaminated, absent or present- in-quantities 
insu?cient to support- life, and where a portable self-_ 
contained source of breathable air is desirable to permit 
freedom of movement; > v I 

In the following speci?cation the apparatus is described 
as relating particularly to. under-water diving, but it is 
to be understood that this is not the sole utilization there 
of. ‘.Referring particularly :toI-pnder-yvater diving, there 
are, at present, two commonly usediself-contained meth 
ods._-'of supplying oxygenztodhegdiver to- permit: under 
water operation without conneegingjlines to the surface.’ 
The ?rst method, commonly termed2 the- self-contained . 
recirculating method, employs'.a .clpsed; loop breathing 
unit in which pure-oxygen is breathed over and over 
again, the carbon dioxide resulting therefrom being con 
tinuously absorbed chemically as needed and more oxy 
gen being added manually as needed to compensate for 
that by the ‘body. 'lhe major disadvantage in 
herent in this method isthat pure oxygenmay' be poison 
ous under su?'icient pressure, and. the use of this. unit is 
therefore. limited tov depths of_about 35 feet or less. 
This method-is, however, very efficient, as‘ nearly- all 
of the. gas carried. by the diver is-utilized, 
The second: method, the- self-contau'ned'v throw-away 

method, uses air only which permits its use to depths 
of several hundred vfeet without ill effect. Air is basically 
a mixture of approximately 79% nitrogen which is 
breathed without being absorbed or changed, and 21% 
approximately of oxygen, some of which is absorbed by 
the lungs at each- breath. The great disadvantage of this 
throwaway type diving unit is that up to 96% of the com 
pressed air which must be carried by the‘ diver is lost. 
All of the nitrogen comprising 79% of the total is lost, 
and nitrogen does not enter into respiration except to 
dilute the oxygen and prevent oxygen poisoning. Also 
with the throw-away method up to 80% of the available 
oxygen is exhaled into the surrounding water and also 
lost. I From the above it is evident that while the throw 
away method allows the diver- to go much deeper, it 
wastes the- great majority of his air. 
A primary object of this. invention. is to combine the 

advantage of both the above units, using a closed recir 
culating: circuit with" its great'. e?iciency in the utilization 
of breathable gases and allowing the user to breathe air 
instead of pure- oxygen and therebyachievemuch greater 
depths safely. Provision is made for an apparatus of 
the recirculating ‘type in which the user breathes air or a 
mixture of oxygen and nitrogen approximating that‘ found 
in air; employing particularly a means for- automatically 
replacing the oxygen: consumed‘ by the bod'yjand a means 
for absorhing the carbon dioxide» content-"of the breath 
able‘ atmosphere. Devices have previously been made 
vwhich allow a constant preeset flow of oxygen to the 
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diver’s breathable atmosphere, but this has been unsatis; 
factory since the oxygen requirement of a diver may in-~ 
crease 10 times, depending on how strenuously he exer= 
cises, the temperature of the water and other factors. 
The device herein described automatically meters the 
proper amount ‘of oxygen into the closed system regard 
less of the changing oxygen requirements of the diver. 
An additional object of the invention is the provision 

of a simpli?ed and improved apparatus of this character 
which may readily be carried on the back of a diver 
to simplify ascent and descent into relatively deep water, 
without discomfort or danger. 

Still another object of the invention resides in the 
provision of a Wheatstone bridge‘ type gas thermal 
conductiv-ity cell including an electrical impulse means 
and other electrical device for the purpose of automati 
cally regulating the oxygen relative to the air or nitrogen 
supply. ' 

A more speci?c object of this invention is the provision 
of a method. and means whereby the chambers or com 
partments in the gas thermal-conductivity cell of the 
Wheatstone bridge are kept at substantially equal pres 
sures while the external hydrostatic pressures, to which 
the gas pressures in the compartments are responsive, 
undergo changes corresponding with changes in depth 
of water; such equalization of pressures being accom 
plished without mixing the gases in the compartments, 
which compartments are non-communicative with each 
other. 
An additional object of the invention resides in the 

provision of means whereby a mixture of an inert gas, 
such as helium in the ratio of about 80% to 20% of 
oxygen may be‘ employed in lieu of the conventional air 
mixture. The use of helium instead of nitrogen as the 
diluting gas has numerous advantages well known to 
those versed in the art of diving such as prevention of 
both caisson disease and nitrogen narcosis. 

Yet another object is the elimination of bubbles es 
caping from the device at each breath as with the throw 
away type unit. These bubbles are undesirable since 
they give warning to an enemy when such diving 
devices are used for military purposes and they scare 
?sh when used for sport purposes. 

Still other objects reside in the combinations of ele 
ments, arrangements of parts, and features of construction, 
all as will be more fully pointed out hereinafter and 
dis-closed in the accompanying drawings wherein there 
is shown a preferred embodiment of this inventive con 
cept. 

In the drawings: . - 

Figure l is a partially schematic sectional view of one 
form of device embodying features of the instant in-~ 
vention, the wiring between the electrical elements being 
shown. ' 

. Figure 2 is a schematic‘ sectional view of certain of 
the interior elements of the apparatus. 

Figure 3 is a perspective view disclosing the outer 
assembly-of the device‘ as applied to the person of a 
swimmer or the like. 

Figure 4 is a rear elevational view of the device of 
Figure 3. 

Figure 5 is a sectional view taken substantially along 
the line S—-5 of Figure 4. 

Figure 6 is a diagrammatic schematic view of the elec~ 
trieal circuit incorporated in this apparatus. 

Figure 7 is a view of the gas thermal-conductivity‘ cell 
showing the bridge resistance members and their loca 
tion in the cell chambers. ' 

Figure 8 is a side elevation of- the gas' thermal-con 
ductivity cell taken along the line 8-8 of Figure 7. 

Figure 9 is a cross sectional view taken along the line ~ 
9--9 of Figure 7 showing also the port connections. 
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Similar reference characters refer to similar parts 
throughout the several views of the drawings. 
Having reference now to the drawings in detail and 

speci?cally to Figures 3, 4, and 5, there is generally indi 
cated at 10 a receptacle comprising a ?uid-tight con 
tainer 11, provided with shoulder straps 12, adapted to 
be carried on the back of a swimmer. Receptacle 10 
carries on each side thereof a pair of brackets 13 and 
14, one pair of brackets 13 being adapted to secure to 
the receptacle an air tank 15, while the otherfpair of 
brackets 14 secure to the opposite side of the receptacle 
an oxygen tank 16. From the upper sides of receptacle 
'11 extend an air inhalation tube 20 and an exhalation 
tube 21. The upper part of receptacle 11 is provided 
with a supplemental member 17, having perforations 18, 
to permit the ingress of water under pressure to a pres 
sure susceptible water-tight air-containing bag' 19 (see 
Fig. 2). The oxygen tank 16 communicates with the 
interior of receptacle 11 by means of a standard oxygen‘ 
cut-off valve 22 and pressure reduction valve 28 and ' 
flow adjustment valve 26, to be more fully described 
hereinafter, while the air tank 15 correspondingly com 
municates with the interior of the'receptacle by ‘means 
of standard cut-off valve 23 and valve 25, the purpose 
of which will be more fully described hereinafter. 
:Having reference now to, Figure 2, the pressure respon 

sive bag 19 is adapted to be ?lled with air from tank 15. 
The air passes through a manually controlled valve 25 
and a tubular member 27, which opens directly into the 
chamber receptacle 11, and from this receptacle the air ‘Y 
goes into the bag 19 by way of port 40 and its tubular 
member 39. _Oxygen from tank 16 is supplied through 
a cut-olf valve 22, pressure reduction valve 28, a ?ow 
adjustment valve 26', and a solenoid-controlled valve 29 
,and tube 30 to the bag 19. Air withdrawn from the bag ‘ 
19 passes through a Venturi or other suitable arrange 
'ment 31 to a ?exible tube 20 and vents through a check 
valve 33 (Fig. 2) to a face mask or mouth-piece 34. 
Exhaled air thence passes through the a check valve 
.35 and ?exible tube 21 to a container 37, adapted to 
eliminate the carbon dioxide by means of any suitable 
chemical such as soda lime 38 and then through a tubu 
lar member 39 back to the bag 19 for reutilization. 
Venturi tube 31 is closely joined to a Wheatstone 

bridge 42 adapted to detect, by means ofdi?ering gas 
thermal conductivities the concentration of oxygen rela 
tive to a suitable diluting gas such as nitrogen. Venturi 
tube 31 is adapted to draw a new quantity of air from 
bag 19 during each inhalation of the diver through bridge 
chamber 42A by means of a pair of tubular members 43. 
The Wheatstone bridge used in the thermal-conductivity 
cell, as best shown in Figures 2, 6, 7, 8, and 9 comprises 
opposite pairs of resistance members 44A and 44B, the 
resistor pair 448 being enclosed in suitable connecting 
receptacles 428 containing normal air while resistor pair 
44A is enclosed in similar receptacle 42A containing air 
drawn from Venturi tube and bag 19 as heretofore de 
scribed. When the bridge is adjusted in a manner to be 
more fully described hereinafter a current ?ows through 
wires 45 and 46' to current interrupter 47 and thence 
through wires 48 and 49 to an alternating current ampli 
?er 50 whose output causes relay 95 to cut oil electrically 
operated gas valve 29. During respiration when the oxy 
gen concentration of bag 19 falls below that desired, 
the current from the Wheatstone bridge decreases and the 
input and hence output of the ampli?er 50 also decreases 
causing relay 95 to open solenoid type gas valve 29 in 
oxygen line 30 transmitting additional oxygen to the 
system to replenish the oxygen absorbed by the lungs. 
‘When the oxygen concentration has risen to the desired 
degree the bridge output rises causing the solenoid valve 
29 to shut the oxygen off.‘ Electric current to operate 
the bridge, interrupter, ampli?er and solenoid is supplied 
by suitable batteries 67, 68, 69, and 70. For purposes 
‘of explanation, the diagrams illustrate the use of a vac 
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4 
uum tube alternating current ampli?er of conventional 
design and an interrupter to pulse the direct current from 
the bridge. A direct current ampli?er, such as one using 
transistors, can readily be adopted and is highly desirable 
because of its small size, low current consumption and 
the elimination of the interrupter. 

It is to be noted that the oxygen inlet line is provided 
with a suitable pressure reduction valve 28 and gauge 
6'1 and ?ow control valve 26 between oxygen tank 16 

There are seen in Figure 1 
suitable batteries as indicated at .67, which indicates a 
bridge battery while 68 discloses an interrupter battery, 
69 an ampli?er battery, and 70 a solenoid battery. At 
71 there is shown a small ?exible rubber bag under no 
tension which contains the standard gas, either air or the 
above-mentioned mixture of helium-oxygen, connected 
by means of a tube 72 to the container 42B, in communi 
cation with the standard legs of the bridge, thus main 
taining the standard legs of the bridge ?lled with the 
standard gas, and also maintaining an equal pressure on 
all four legs of the bridge. The pressure on legs of the ' 
bridge in chamber 42A is maintained equal through the 
pathway from bridge chamber 42A up through tubular 
member 43 to the Venturi tube 31, thence into bag 19 
and thence through tubular member 39 and port 40 into 
the interior of receptacle 11. This pressure equalization 
is freely transmitted‘ through the ?accid rubber bag wall 
71 and through tubular member 72 to bridge chamber 
42B. This maintenance of equal pressure is important 
in that any increasejin-the gas'pressure of one pair of 
legs over that in‘ the other‘ will affect the operation of 
the bridge and is highly undesirable. Rubber bag 71 
assures that chambers 42B are always'?lled with a stand 
ard'gas such ‘as air. " - 

In Figure 1 there is disclosed-a means of precluding 
the admission of moisture'condensing in the outlet tube 
21 from being readmitted to the system and comprises 
a washer 75 positioned interiorly of the tubular member 
21 and a by-pas tube 76', which in turn leads to a con 
densation chamber 77 provided with 'a spring biased valve 
78 which is adapted to open to release moisture from the 
trap 77 when the pressure in the'system rises sut?ciently 
to force theyvalve open against the pressure exteriorly 
thereof. There is also disclosed in Figure -1 a" standard 
oxygen ?xture 80 including a manually operable valve 
25, operated by a lever 82 to admit the air mixture 
initially into the system. Other uses of valve 25 are de 
scribed hereinafter. 

Figures 7, 8, and 9 disclose in some detail the arrange 
ment of the Wheatstone bridge type thermal-conductivity 
cell. The container 42 surrounding the legs of the bridge 
is composed of a high heat conducting material such as 
brass which serves to surround the legs with the same 
thermal environment. Bridge chambers 42A are inter 
connected by passage 100 and bridge chambers 42B are 
connected by passage 101. The two pairs of chambers 
are supplied with inlet and outlet tubular members 102 
which allow gases to be admitted. The resistance mem 
bers 443 which are commonly made of ?ne platinum 
wire are centered in their individual chambers 4213 by 
supports 104 which are insulated by suitable material 
105 (Fig. 8). One of the tubular members 102 of 
chambers 42B is plugged after this chamber and bag 71 
are ?lled with the standard gas. . 
Figure 6_ discloses in schematic form the electrical con 

nection of the device. In practice, the Wheatstone bridge 
42 detects changes in the thermal conductivity of gas 
mixtures, in this case . oxygen and either nitrogen or 
helium. All of these gases has di?erent rates of thermal 
conductivity. A steady current from battery 67 is passed 
through all legs of the bridge causing them to be heated. 
.With air in both pairs of chambers the bridge is adjusted 
by variable resistance R1 until the output current in con 
nections 45 and 46 is of some suitable value. This direct 
current is pulsed by electrically operated vibration inter 
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rupter 47 and is then passed through the primary 91 of 
a step-up transformer generally indicated at 92. The al 
ternating output of transformer 92 is fed into the control 
grid of a suitable pentode tube 93. The ampli?er isother 
wise of conventional alternating current type with a gain 
control following the ?rst stage of ampli?cation and a 
relay 95 in the ?nal plate circuit. The gain control is 
so adjusted that with air in both pairs of bridge chambers 
42A and 42B, the relay 95 just closes. The closing of 
relay 95 causes the solenoid coil 55 to be deenergized 
and ‘the solenoid o‘perated gas valve 29 is cut off. The 
electric gas valve 28 is normally closed when deener 
gized. When respiration begins and as oxygen is removed 
from the closed system by the lungs the increasingly oxy— 
gen poor air is drawn into chamber 42A by tubular 
members 43 and Venturi tube 31. (See Fig. 2.) Chamber 
42B is kept ?lled with pure air at all times as previously 
described. The two detector legs 44A of the bridge, 
being new surrounded by nitrogen and less oxygen than 
is found in air, begin to lose heat at a di?erent rate than 
the two legs 44B surrounded by pure air. This heat. loss 
of legs 44A causes them to change in temperature and, 
therefore, in resistance, which in turn causes a current 
decrease in the bridge output passing through connections 
45 and 46. This decreased input to the ampli?er pro 
duces a decreased output and relay 95 (Fig. 6) drops 
out or releases its armature. The release of the armature 
closes the solenoid coil 55 circuit energizing the gas valve 
29 and admitting oxygen to the system to replace that 
removed in respiration. When the oxygen has risen to 
the same relative concentration as that found in air, the 
bridge output rises causing relay 95 to close and oxygen 
valve 29 to cut o?. The cycle is repeated over and over, 
always maintaining the relative oxygen concentration 
close to a constant value. 
The use of electronic ampli?cation is needed with an 

oxygen-nitrogen mixture in the closed system since these 
two gases have close rates of thermal conductivity and the 
bridge output is, therefore, quite insu?icient to operate 
the relay directly. 

It should here be pointed out that the ampli?er is nec 
essary only when air is employed in the system. When 
a mixture of 80% helium and 20% oxygen is employed 
no ampli?cation is needed and the bridge output is su?i 
cient to operate a moderately sensitive relay directly, be 
cause the ditference in thermal conductivity is much 
greater with helium and oxygen than with nitrogen and 
oxygen and the bridge output is consequently much 
greater. 
again and again in the closed system, thus increasing'the 
e??ciency from about 4% as found in the throw-away 
type breathing device to nearly 80% and, since almost 
all the oxygen is utilized, the over-all e?iciency approach 
es 100%. 
From the foregoing the use and function of the appara 

tus should now be readily understandable. The device is 
?rst positioned on the back of the users and held in posi 
tion by means of the shoulder straps 12 and the face mask 
or mouthpiece 34 placed in position. Air is admitted to 
the device by actuating manually controlled valve 25, 
the air passing into container 11 and through open port 
40 (Fig. 1) into the bag 19. The gas bag is thus partly 
?lled with air, and valve 25 is then closed. The pressure 
inside the case is maintained at the same pressure as the 
outside water regardless of depth since this pressure is 
transmitted from the water to the air in bag 19 and 
through port 46} (Fig. 1) to the interior of the case 11. 
This makes it unnecessary for the water-tight case to 
withstand the high pressure found at depths. Air is 
drawn from bag 19 on inhalation through the venturi 
tube 31, and thence to the mouthpiece. A very small 
part of the gases passing through the venturi is diverted 
to the Wheatstone bridge cell 42, which is close to the 
Venturi. Thus samples of the bag gases or air are repeat 

In this device, the same nitrogen is breathed . 
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edly: carried through the two detector legs 42A of the 
bridge. The other two legs are connected to the ?exible 
rubber bag 71, which bag is partly collapsed, or at least 
not under any tension or internal pressure. This bag 
keeps the legs of the bridge ?lled with the standard gas, 
and co-operates to maintain the four legs at the same 
pressure. The air which is taken from the bag 19 on 
inhalation, when exhaled, contains the ‘same amount of 
nitrogen as when inhaled, plus carbon dioxide, and about 
one fourth less oxygen. The exhaled air passes to con 
tainer 37 and the carbon dioxide is there absorbed. The 
check valves 33 and 35 serve to control the direction of 
the air as exhaled and inhaled. The exhaled air then 
passes into the breathing bag 19. After this cycle is re 
peated a few times, the concentration of oxygen in bag 
19 decreases slightly and causes enough change in the 
output of the Wheatstone bridge to actuate ampli?er 50, 
causing solenoid 55 to open valve 29 and admit additional 
oxygen to the system. The valve 26 is pre-set so that 
the in?ow of oxygen into the closed system is at the 
same rate asthat used by the body at maximum exercise 
As the oxygen continues to ?ow into the bag 19 the 
concentration rises and, when it has reached the desired 
degree, the Wheatstone bridge again changes sut?ciently 
in output and the solenoid valve is shut off. 
As a diver descends the external water pressure in 

creases causing a decrease in the volume of the breath 
able gas in bag 19. As this occurs the diver uses lever 
valve 25 to add more air or other breathable gas to 
the system to maintain an adequate volume. Buoyancy 
of the entire system can also be controlled to some extent 
by this means. As a diver ascends the external water pres 
sure decreases and the volume of the gas in bag 19 in 
creases. When the limits of expansion of bag 19 have 
been passed the pressure in the entire system begins to 
exceed the pressure of the surrounding water. At this 
point spring biased valve 78 is forced open and any excess 
air is allowed to escape. The loss of this gas on ascent 
is the only time any gas is allowed to leave the closed 
system. Oxygen is supplied only as needed and the nitro 
gen in the air is used over and over since its only pur 
pose is that of a diluting agent to prevent oxygen poison 
mg. 
From the foregoing it will now be seen that there 

is herein provided a novel electrically controlled breath 
ing apparatus, particularly adapted for under-water use 
which accomplishes all the objects of this invention and 
others, including many advantages of great practical util 
ity and commercial importance. - 

Since many embodiments may be made of this inven 
tive concept and since many modi?cations may be made 
in the embodiment hereinbefore shown and described, it 
is to be understood that all matter herein is to be inter 
preted merely as illustrative and not in a limited sense. 
What I claim is: 
1. An under water breathing apparatus comprising a 

closed respiration circuit having a ?exible breathing bag 
for exposure to external water pressure when in use, an 
oxygen supply unit connected to said circuit, a supply unit 
of other breathing gas connected to said circuit, a ?exible 
gas container for exposure to external water pressure when 
in use and non-communicative with said closed respiration 
circuit, electrically controlled means for regulating the 
supply of oxygen to said respiration circuit, said means 
comprising a thermal conductivity cell of the ‘Wheatstone 
bridge type having a compartment in communication with 
said closed respiration circuit and containing at least one 
arm of the Wheatstone ‘bridge and another compartment 
non-communicative with the ?rst-named compartment 
and in communication with said. flexible gas container and 
enclosing at least one other arm of the Wheatstone ‘bridge, 
and electrically operated valve mechanism between the 
oxygen unit and respiration circuit and responsive to 
change in E. M. F. across the Wheatstone bridge. 
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2. An underwater breathing apparatus comprising a 
closed respiration circuit containing a ?exible breathing 
bag for exposure to external water pressure, a face 
piece, an inhaling conduit from said breathing bag 
to said face piece, an exhaling conduit from said 
face piece to said breathing bag, an oxygen sup 
ply unit, electrically controlled means including a source 
of electricity, an electrically-operated gas valve and a 
Wheatstone bridge type thermal conductivity cell in 
said inhaling conduit and adapted to receive samples 
of inhaled gas at each inhalation for controlling oxygen 
delivery from said supply unit to said respiration circuit, 
said cell having a closed compartment in communication 
with a ?exible gas container for exposure to external water 
pressure when in use and non-communicative with said 
closed respiration circuit and containing one pair of alter 
nate arms of the Wheatstone bridge, another compartment 
‘of said cell being in communication with the inhaling con< 
duit of said closed respiration circuit and containing the 
other pair of alternate arms of the Wheatstone bridge, 
means for passing over the latter pair of alternate arms 
of the Wheatstone bridge, at each inhalation of the 
‘breathing gas, the sample of said breathing gas, and means 
for transmitting a change in the E. M. F. across the 
Wheatstone bridge to the electrically-operative mecha 
nism of said gas valve. 
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3. The combination claimed in claim 2, together with 

means in said inhaling conduit for forcing, at each inhala 
tion, a sample of the breathing gas into the second-named 
compartment of the cell and over the alternate arms of 
the‘ Wheatstone bridge therein. 

4. The combination claimed in claim 2, together with 
means comprising a Venturi in said inhaling conduit for 
‘forcing, at each inhalation, a sample of the breathing gas 
into the second-named compartment of the cell and over 
‘the alternate arms of the Wheatstone bridge therein. 

5. The combination claimed in claim 2, together with 
means comprising a Venturi in said inhaling conduit for 
forcing, at each inhalation, a sample of the breathing gas 
into the second-named compartment of the cell and over 

' the alternate arms of the Wheatstone bridge therein, and 
means in said exhaling conduit for removing CO2 from 
the exhaled gas before its return to ‘said breathing bag. 
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