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57 ABSTRACT 
The breathing apparatus provides a chemical canister, 
an expansible reservoir for positive pressure on the 
upstream side thereof, a contractible reservoir for neg 
ative pressure on the downstream side thereof, and 
suitable connecting conduits and a mouthpiece to pro 
vide a closed breathing circuit. The negative pressure 
reservoir comprises rigid top and bottom walls, a 
spacer extending from one to the other, and a rubber 
sleeve extending from one to the other so that it will 
be bowed in when air is withdrawn by inhalation. By 
enclosing the parts in a watertight enclosure and add 
ing an oxygen bottle and suitable regulating valves, the 
apparatus can be adapted for underwater use. 

8 Claims, 5 Drawing Figures 
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SELF-CONTAINED CLOSED CIRCUIT 
BREATHING APPARATUS 

This invention relates to a self-contained closed cir 
cuit breathing apparatus. Such apparatus contains in 
the closed circuit a chemical canister which removes 
carbon dioxide and water vapor from the breathing gas. 
In one type the supplemental oxygen is generated 
chemically by the ingredients of the chemical canister, 
and in a second type, it is supplied by a bottle contain 
ing compressed or liquid oxygen. My invention is appli 
cable to both the generating and bottle types of appara 
tuS. 
Breathing apparatus of these types are frequently 

used in mines where an undesirable gas is in the atmo 
sphere, and also in some instances, in fire fighting. With 
suitable modification the apparatus can be used as an 
underwater breathing apparatus. 
One. of the defects in breathing apparatus presently 

available on the market is that the chemical canister 
provides an undesirably great resistance to the flow of 
the breathing gas. In one type of rebreather apparatus, 
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a breathing bag is located downstream of the chemical 
canister, the breathing bag serving as a reservoir for the 
breathing gas. When the user exhales, the gas is forced 
directly, and consequently at a high flow rate through 
the chemical canister and into the breathing bag, and 
the latter expands and serves as a reservoir for the inha 
lation half of the cycle. 
The United States Bureau of Mines has set a limit, ef 

fective Mar., 1974, of plus or minus 2.0 inches of pres 
sure, water gauge, for the breathing resistance of all 
self-contained breathing apparatus, when operated on 
a certain "standard' type breathing machine. 
However, the apparatus described above and pres 

ently available does not meet this standard. 
According to my invention, I provide two gas reser 

voirs, one being a positive pressure reservoir which is 
upstream of the chemical canister, and the other being 
a negative pressure reservoir which is downstream 
thereof. Thus, during the exhalation portion of the cy 
cle, a positive pressure will be built up in the positive 
pressure reservoir, whereas during the inhalation half 
of the cycle, a negative pressure will be created in the 
negative pressure reservoir. As the pressure in the two 
reservoirs tends to equalize itself by flowing through 
the canister, it will be seen that the flow can take place 
throughout the complete breathing cycle. This means 
that for a given volume of gas to pass through the canis 
ter, the available time is at least twice as long as in the 
prior art device with the result that a lesser pressure is 
required. 
Although the positive and negative pressure reser 

voirs can be in the form of rigid wall chambers in which 
the pressure developed is a function of the volume of 
the chamber, they would have to be of fairly large di 
mensions in order to accommodate a full breath with 
out developing a back pressure corresponding to a 
breathing resistance of more than the proposed limit of 
2.0 inches of water gauge. Thus the apparatus would 
not be suitable for portable apparatus due to bulkiness 
and weight. 
Therefore, according to this aspect of my invention 

I provide positive and negative pressure reservoirs in 
the form of an expansible (or contractible) chamber 
which include elastic or resilient means for imparting 
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2 
a positive (or negative) pressure loading on the gas 
contained therein. 
The positive pressure reservoir after being inflated by 

an exhalation thus tends to restore itself to its original 
volume and forces air through the chemical canister. 
The negative pressure reservoir after being contracted 
by an inhalation thus restores itself to its original vol 
ume and draws air through said chemical canister. 
Other objects, features and advantages will become 

apparent as the description proceeds. 
In the drawings: 
FIG. 1 is a diagrammatic representation of a pre 

ferred embodiment of my invention; 
FIG. 2 is a vertical sectional elevation of the negative 

pressure reservoir; 
FIG. 3 is a horizontal section taken along line 3-3 

of FIG. 2; 
FIG. 4 is a diagram showing a modification of my in 

vention; and 
FIG. 5 is a modification of a portion of the FIG. 4 ap 

paratus. 
In FIG. 1, the apparatus comprises a mouthpiece 10 

which communicates with inhalation conduit 11 and an 
exhalation conduit 12 which lead to apparatus con 
tained in an enclosure 3. A check valve 14 is provided 
in the inhalation conduit and a check valve 15 in the 
exhalation conduit 12. The check valves and the 
mouthpiece often comprise a single piece of equip 
ment, i.e., an integral component. The conduits 11 and 
12 are flexible conduits. A face mask is sometimes used 
in place of the mouthpiece 10, both being referred to 
generically as a "mouth connection.' 
The exhalation conduit 12 leads to a chemical canis 

ter 16 which contains materials, which remove the car 
bon dioxide and add chemically generated oxygen to 
the breathing gas. A positive pressure reservoir 17 
communicates with the exhalation conduit 12 and is in 
the form of an elongate flexible wall bag of a capacity 
to accommodate at least a full breath. Such bag is 
known as a "breathing bag' and is made of rubber. 
The neck 42 of the bag 17 is held in a collar 40 at 

tached to a portion 41 of the frame (not shown) of the 
apparatus. There is a loop 43 at the bottom of the bag 
and a tensioned coil spring 44 extends between the 
loop 43 and another part 45 of the frame. 
The tension exerted by the spring 44 urges the walls 

of the bag 17 toward each other into a position of mini 
mum volume. As air is forced into the bag 17 by the 
lungs, the walls of the bag 17 expand, thus shortening 
the bag and tensioning the spring. The spring is de 
signed so that the bag 17 then develops a positive pres 
sure of not more than 2 inches water gauge for expul 
sion of its contents through the canister 16. 
The inhalation conduit 11 leads from a negative pres 

sure reservoir 18 to the check valve 14 and mouthpiece 
10. A suitable conduit 19 extends from the canister 16 
to the negative pressure reservoir and functions as an 
extension of conduit 11. In the alternative, conduit 19 
can extend to the inhalation conduit 11 through a T 
connection, with the reservoir 18 connected as in the 
case of the reservoir 7. 
As shown in FIGS. 2 and 3, the negative pressure res 

ervoir preferably comprises a rigid top wall 20, a rigid 
bottom wall 21, and elastic side walls in the form of a 
sleeve of elastic material, such as rubber. The side walls 
22 are secured to the top and bottom walls 20 and 21 
by a suitable adhesive, and may also have mechanical 
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interlocking means similar to a hose clamp. One or 
more spacers 23 extend between the top and bottom 
walls 20 and 21. Thus, when gas is removed from the 
negative pressure reservoir 18, as during inhalation, the 
ambient atmospheric pressure urges the walls inwardly, 
as shown in FIG. 2. However, due to the elasticity of 
the side walls, there is a slight loading on the contents 
of the reservoir 18 which develops a negative pressure. 
The dimensions of the reservoir 18, and the thickness 
and composition of the side walls 22 is such that the 
negative pressure developed at a full breath is not more 
negative than 2.0 inches water gauge. 
Thus the canister 16 is disposed between a source of 

positive pressure and a source of negative pressure with 
the result that the gas will continue to flow through the 
canister throughout the major portion of the complete 
breathing cycle. Since the two reservoirs are alternately 
charged, whereas the discharge is substantially contin 
uous, the operation of the two reservoirs are not in 
exact phase relationship, but neither are they 180 out 
of phase due to the fact that the flow of a given volume 
takes a certain amount of time. 
The above described apparatus will meet the breath 

ing resistance requirements of Rules and Regulations, 
paragraph 1 1.85-5a and 5c, and paragraph 1 1.85-6e of 
the United States Bureau of Mines, published in Fed 
eral Register Vol. 37 No. 59, Mar, 25, 1972; namely, 
exhalation resistance not to exceed two inches water 
column height, and inhalation resistance not to exceed 
the difference between the exhalation resistance (2 
inches of water) and four inches water-column height. 

In a practical example, the capacity of the bag 17 is 
such that it will accommodate 2.0 liters of breathing 
gas. when thus expanded, the spring 44 causes the bag 
to exert a positive pressure of 0.7 inches water gauge. 
The negative pressure reservoir 18 is in the form of a 
cylinder 6 inches in diameter and ten inches high hav 
ing a volume of four and one-half liters when in relaxed 
position. When exhausted to the extent of 2 liters, the 
negative pressure developed was 0.7 inches water 
gauge. 
The positive pressure reservoir may alternatively be 

an elastic side wall chamber with spaced rigid top and 
bottom walls substantially identical to the structure 20, 
21, 22, 23, shown in FIGS. 2 and 3. However, here the 
elastic walls 22 would bulge outwardly when inflated. 
This structure provides a somewhat closer control of 
the pressure volume relationship than the bag and 
spring arrangement 17 of FIG. I. 
When the invention is applied to a bottle type of 

breather apparatus, as shown in FIG. 4, the chemical 
canister 16 is replaced by a different type of chemical 
canister 25 which removes carbon dioxide and water 
vapor but does not replace the oxygen. The oxygen is 
supplied by an oxygen bottle 26 which communicates 
with the negative pressure reservoir 18' through pres 
sure regulating valves 27 and 28 and connecting pas 
sageway 29. The regulating valve 27 maintains a supply 
pressure in the connecting passageway 29 that is 3 lbs. 
per square inch above ambient pressure, acting to re 
duce the bottle pressure, 
Valve 28 is a demand regulator which senses the 

pressure within the negative pressure reservoir 18, and 
supplies oxygen to the system when the difference be 
tween the pressure within the reservoir 18 and the air 
surrounding same exceeds in the negative direction 
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4 
more than a certain amount, such as -0.7 inches water 
gauge. As the carbon dioxide is removed by the chemi 
cal canister 25 from the breathing gas, the pressure 
within the breathing circuit will become reduced with 
the result that the demand valve 28 is operative to in 
troduce additional oxygen into the breathing circuit. 

It will be understood that in the FIG. 4 arrangement, 
the bag 17' is tensioned by a spring, the same as in FIG. 
1. In the alternative, an elastic side wall chamber 20, 
21, 22, 23, may be substituted for the tensioned bag as 
described in connection with FIG. 1. 
The FIG. 4 arrangement may be used as an underwa 

ter breathing apparatus by enclosing same in a water 
proof enclosure 30 having expansible wall portions 31 
located within open ended guide collars 33 so that the 
ambient air pressure within the enclosed space 32 of 
the enclosure 30 is equalized with the water pressure. 
Preferably there are several expansible wall portions 31 
located at different elevations irrespective of the atti 
tude of the diver so that the pressure within the space 
32 is an average of the water pressures at all extreme 
portions of the enclosure 30; that is, the same as the 
water pressure surrounding the diver's chest area. 

In this arrangement, the negative pressure reservoir 
8" can be of rectangular cross-section, and the other 
components may be proportioned such that the volume 
of the enclosed space 32, excluding the volume of the 
components 17", 18' and 25, is sufficiently small that 
the expansible wall portions 31 are effective for equal 
izing the ambient air pressure with the water pressure 
up to the desired maximum depth of operation, such as 
15 feet. The expansible wall portions 31 also accommo 
date the periodic air displacements between the breath 
ing apparatus and the diver's lungs. 
At any depth within the operating range, the demand 

regulator 28 is effective to sense a pressure difference 
which exceeds in the negative direction the regulator 
setting, such as -0.7 inches water gauge. 
The depth operating range can be shifted by bleeding 

air from passageway 29 into the space 32 by a suitable 
bypass valve, not shown, or by venting air out of the 
space 32 by a suitable vent valve, not shown. 
FIG. 5 shows a modified enclosure 30' suitable for 

underwater use in which the water pressure equalizing 
portions are in the form of elastic tubes 35 and 36 
which can be secured to the chest belts which hold the 
enclosure 30' to the user's back. Since each end of 
each tube communicates with the enclosure 30' at one 
of the four corners of the enclosure, it is possible to ob 
tain a pressure within the space 32 which is an average 
of the water pressure surrounding the diver's chest 
area, irrespective of his attitude in the water. 
Although only preferred embodiments of my inven 

tion have been shown and illustrated herein, it will be 
understood that various modifications and changes can 
be made in the constructions shown without departing 
from the spirit of my invention as pointed out in the ap 
pended claims. 

I claim: 
1. A self-contained, closed circuit breathing appara 

tus comprising an inhalation conduit and an exhalation 
conduit, a mouth connection communicating with said 
conduits for making connection with the mouth of the 
operator, an inhalation check valve and an exhalation 
check valve on either side of said mouth connection 
providing unidirectional flow through said inhalation 
and exhalation conduits respectively, a chemical canis 
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ter connected across said inhalation and exhalation 
conduits, a positive pressure reservoir communicating 
with said exhalation conduit at a point between said 
chemical canister and said exhalation check valve, and 
a negative pressure reservoir communicating with said 
inhalation conduit at a point between said chemical 
canister and said inhalation check valve, said positive 
pressure reservoir comprising an expansible container 
having flexible wall means incorporating resilient 
means providing a positive pressure loading on the gas 
within said container when said container is expanded 
by an exhalation, and said negative pressure reservoir. 
comprising a contractible chamber having flexible wall 
means incorporating resilient means providing a nega 
tive pressure loading on the gas within said chamber 
when said chamber is contracted by an inhalation. 

2. Breathing apparatus as claimed in claim 1 in which 
said contractible chamber includes rigid top and bot 
tom walls, means securing said top and bottom walls in 
a fixed spaced relationship to each other, and flexible 
side wall means connecting said top and bottom walls 
and being secured thereto in air tight relationship, said 
flexible side wall means being formed of elastic sheet 
material and constituting said resilient means. 

3. Breathing apparatus as claimed in claim 1 in which 
said expansible container comprises an elongate bag 
having flexible walls, and in which said resilient means 
comprises means tensioning said bag in the longitudinal 
direction to urge said flexible walls toward each other 
into a small volume position, and providing a resilient 
loading on said walls when said bag is expanded by said 
exhalation. 

4. Breathing apparatus as claimed in claim 1 in which 
said flexible wall means of said expansible container 
comprises an elastic wall portion, said elastic wall por 
tion also constituting said resilient means. 

5. Breathing apparatus as claimed in claim 1 which 
includes an oxygen bottle, a regulating valve connected 
thereto providing a constant supply pressure, a demand 
regulating valve connected between said negative pres 
sure reservoir and said first-mentioned regulating valve 
for supplying oxygen to the closed breathing circuit of 
said breathing apparatus when the difference between 
the pressure within said negative pressure reservoir and 
ambient pressure exceed in the negative direction a 
predetermined negative pressure. 

6. Breathing apparatus as claimed in claim 5 which 
includes a water tight enclosure surrounding said posi 
tive and negative pressure reservoirs to permit immer 
sion of said apparatus, and means for substantially 
equalizing the ambient air pressure within said enclo 
sure with the water pressure surrounding same. 

7. A self-contained, closed circuit breathing appara 
tus comprising an inhalation conduit and an exhalation 
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operator, an inhalation check valve and an exhalation 
check valve on either side of said mouth connection 
providing unidirectional flow through said inhalation 
and exhalation conduits respectively, a chemical canis 
ter connected across said inhalation and exhalation 
conduits, a positive pressure reservoir communicating 
with said exhalation conduit at a point between said 
chemical canister and said exhalation check valve, and 
a negative pressure reservoir communicating with said 
inhalation conduit at a point between said chemical 
canister and said inhalation check valve, said positive 
and negative pressure reservoirs each comprising a 
chamber having rigid top and bottom walls in a fixed 
spaced relationship to each other, and side wall means 
connecting said top and bottom walls and being se 
cured thereto in air tight relationship, said side wall 
means being formed of elastic sheet material, the rela 
tionship of the volume of said reservoir, the quantity of 
gas contained in a full exhalation or inhalation, and the 
elasticity of said side wall means being such that said 
positive pressure loading will be less than 2.0 inches 
water gauge, and said negative pressure loading will be 
not more negative than -2.0 inches water gauge. 

8. A self-contained, closed circuit breathing appara 
tus comprising an inhalation conduit and an exhalation 
conduit, a mouth connection communicating with said 
conduits for making connection with the mouth of the 
operator, a chemical canister connected across said in 
halation and exhalation conduits, a positive pressure 
reservoir communicating with said exhalation conduit 
at a point between said chemical canister and said 
mouth connection, a negative pressure reservoir com 
municating with said inhalation conduit at a point be 
tween said chemical canister and said mouth connec 
tion, said positive pressure reservoir being designed to 
accommodate a full exhalation with a positive pressure 
loading, and said negative pressure reservoir being de 
signed to accommodate a full inhalation with a negative 
pressure loading, an oxygen bottle, a regulating valve 
connected thereto providing a constant supply pres 
sure, a demand regulating valve connected between 
said negative pressure reservoir and said first 
mentioned regulating valve for supplying oxygen to the 
closed breathing circuit of said breathing apparatus 
when the difference between the pressure within said 
negative pressure reservoir and ambient pressure ex 
ceed in the negative direction a predetermined nega 
tive pressure, a water tight enclosure surrounding said 
positive and negative pressure reservoirs to permit im 
mersion of said apparatus, and means for substantially 
equalizing the ambient air pressure within said enclo 
sure with the water pressure surrounding same, said 
pressure equalizing means comprising elastic tubes 
communicating with said enclosure and adapted to sur 

conduit, a mouth connection communicating with said 55 round the chest of the user. 
conduits for making connection with the mouth of the 
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