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This invention relates to a breathing apparatus 
and method of using the same which is more 

particularly designed for use by persons at or 
below ground level in mines or other such loca 
tions where, because of accident or for some 
other reason, the air is either full of explosive, 
poisonous or noxious vapors, or is contaminated 
with ?ne dust particles, or is de?cient in oxygen 
content, or is at abnormally high pressure. 

In order to enable a workman, operator or 
other person to enter any of such atmospheres 
or a combination thereof with safety it is desir 
able to utilize a portable breathing apparatus 
which prevents the wearer from being affected 
injuriously by any of these atmospheres. 

It is the object of this invention to provide 
a simple, efficient and convenient apparatus for 
this purpose which can be readily carried by 
the person to be protected and easily and instant 
ly operated in case of emergency to meet vary 
ing conditions and thus constantly safeguard 
the person using the apparatus. ‘ 
In the accompanying drawings: 
Fig. l is a perspective view of a mask embody 

ing some of the features of this invention. 
Fig. 2 is a similar view of the means for con 

trolling the ?ow of air, gas or vapor to the mask 
in accordance with this invention. ‘ ~ 

Fig. 3 is a similar view of the storage means 
for carrying a supply of compressed air, oxygen 
or the likeior use in this apparatus and em 
bodying another feature of this invention. 

Fig. 4. is a fragmentary sectional view showing 
a form of valve suitable for use in controlling 
the supply of compressed air, oxygen or the like 
to the apparatus when required in case of an 
emergency. ‘ 

Fig. 5 is a vertical section of the means for 
controlling the flow of gas to the mask and asso 
ciated parts. ' ‘ 

Fig. 6 is a side view of a form of low resistance 
exhalation valve which is suitable for use in con 
nection with the mask and capable of being 
rendered operative and inoperative at will. 

Fig. '7 is a vertical section, taken on line 1-1, 
Fig. 6. 

Fig. 8 is a vertical section of a high resistance 
exhalation valve adapted to be‘ used in connec 
tion with the mask. ‘' ‘ ‘ 

Fig. 9 is a cross section of a coupling for quick 
ly connecting tubular members of this appa 
ratus, this section being taken on line 9-9, 
Fig. 5. V > ' l a ‘ 

Fig. 10 is a vertical section of the gas con 
trol mechanism of this apparatus, taken online 
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Ill-l0, Fig. 5 and showing more particularly the 
demand valve mechanism in a position in which 
the same will be opened and closed in response 
to the breathing of a person. 

Fig. 11 is a similar View showing the demand 
valve held in its open position. 

Fig. 12 is a fragmentary vertical section of a 
modi?ed means for taking care of surging gas in 
this apparatus. ' 

In the following description similar reference 
characters indicate like parts in the several ?g 
ures of the drawings. 
. In its general organization this breathing ap 
paratus comprises gas storage means from which 
air, oxygen or the like are supplied to the appa 
ratus, control means whereby the ?ow of gas 
received from the storage means is controlled 
to suit requirements, and gas using or feeding 
means whereby live gas is delivered from the 
control means to the person using the apparatus 
and the spent gas is discharged to the atmos 
phere. 

. In the preferred form of the gas storage means 
the same, as shown in Figs. 3 and 4, are con 
structed as follows: 
The numeral 20 represents the whole of a 

harness whereby gas storage means are supported 
on the body of‘a person and which includes a 
belt 2| adapted to pass around the waist of a’ 
person and suspenders 22 connected with the 
belt and passing over the shoulders of the per 
son. In rear of the harness is arranged a sling 
or carrier whereby the gas containers are de 
tachably mounted on the harness and which pref 
erably comprises a comparatively wide ?exible 
band 23 adapted to ?rmly and snugly receive the 
gas containers and having its central front part 
connected with the rear part of the harness and 
itsyopposed rear ends connected with each other 
by a lacing 24 passing through eyes 25 on the 
band and having its end tied together by a bow 
2G in the manner of shoe strings. The gas con 
tainer preferably comprises a plurality of con 
tainers, bottles or holders of relatively small di 
ameter instead of a single bottle of large di 
ameter inasmuch as a plurality of small bottles 
can be so arranged that the same comfortably 
straddle the spine of the person or worker and 
also project rearwardly a lesser distance. In the 
preferred construction shown in Fig. 3 two up 
right cylindrical front bottles or containers 21, 21 
serve as the main storage means and are arranged 
transversely side by side within the band, and 
a third upright cylindrical rear bottle or con 
tainer 28 which serves as auxiliary or emergency 
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storage means is nested between the rear parts 
of the front bottles, these bottles forming a clus 
ter or group which is tightly held against move 
ment within the sling band 23 and relative to 
each other by tightening the lacing 24 sufficient 
for this purpose. Each of the main bottles 21 
is adapted to be ?lled with compressed air at 
a pressure of about 1000 lbs. per square inch and 
the small emergency bottle 28 is adapted to be 
?lled either with compressed air at about 1800 
lbs. per square inch pressure or the same may 
be ?lled with liquid or compressed oxygen while 
the large main bottles 21 are ?lled with com 
pressed air. 
Each of the main compressed air bottles 27 is 

provided at its lower end with a tubular neck 
through which the same is ?lled and emptied, 
this neck, while the apparatus is in use, being 
detachably connected by a “quick connect” cou 
pling with a ?exible branch delivery hose 3%. 
This “quick connect” coupling consists gener 
ally of a tubular male plug 31 arranged on the 
neck 29 of the respective bottle and pushed into 
a female socket 32 ‘of the respective branch hose 
30. 
Preparatory to mounting the main compressed 

air storage bottles 2i in the sling of the harness 
and using the breathing apparatus each of these 
bottles is removed from the sling and ?lled with 
compressed air by connecting its neck 29 tem 
porarily with a main compressed air supply tank 
(not shown in the drawings), this being prefer 
ably accomplished by pushing the plug 3! of the 
“quick connect” coupling. 
The auxiliary or emergency bottle 23 may be 

?lled with the desired kind of compressed gas 
by screwing the tubular neck 33 at its lower end 
onto the pipe 34 of a storage tank containing a 
compressed supply of the gas desired. 
Each of the main compressed air storage bottles 

2'! and the emergency compressed gas storage 
bottle 28 is provided at its upper end with a pres 
sure gage 35 which enables the operator to deter 
mine whether the respective bottle contains air 
or gas at the required pressure. 
The discharge of compressed air from the main 

compressed air storage bottles is controlled by 
the manually and automatically actuated con 
trolling mechanism during normal operation of 
the apparatus in which case the main air supply 
bottles 2'! contain suf?eient air to adequately 
supply the requirements of usual conditions. 
Under normal conditions the outlet port 36 in 
the neck of the emergency bottle‘28 is closed 
by an emergency valve which preferably has the 
form of a screw plug 31 having a threaded con 
nection with the neck 33 so that upon screwing 
this plug tight the same will close the port 36 
and shut off the escape of gas from the emergency 
bottle 28, as shown in Fig. 4. If, however, the 
supply of compressed air from the main bottles 
21 is exhausted or de?cient the operator un 
screws the valve plug 31, thus opening the out 
let of the emergency bottle and permitting the 
gas stored therein to be utilized in the apparatus. 
This emergency valve is preferably sealed or held 
against being turned into an open position by a 
sealing wire 38 which passes through an eye 39 
on the outer end of the valve plug 3‘? and is sole 
dered to the adjacent part of the neck 33, thereby 
preventing this valve from being opened acci 
dentally and making it necessary for the oper 
ator to rip oil the sealing wire 38 before this valve 
can be opened and'permit the emergency ‘supply 
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4 
of compressed gas to enter the breathing appara 
tus and aid the operator. 
The gas from the several storage bottles 21, 23 

may be carried to the control mechanism in var 
ious ways, but preferably by the meam shown in 
Fig. 3 in which these bottles are connected in 
parallel by means of a manifold or cross-shaped 
tubular ?tting having four branches one of which 
is connected with the branch hose or tube 30 of 
one main compressed air storage bottle 2i’, the 
second of which is connected with the branch 
hose 3!) of the other main compressed air stor~ 
age bottle, the third of which is connected with 
the outlet neck 33 of the emergency compressed 
gas storage bottle 28, and the fourth of which 
connects with a main ?exible gas or air delivery 
hose or tube 4| which leads to the gas control 
mechanism. 
For convenience in using the breathing appa 

ratus and keeping the main delivery hose from 
getting in the way, a part of this tube between 
the compressed air and gas storage bottles is 
supported on the harness preferably by arrang 
ing a part of this hose in a tube 42 formed on 
the belt 2| of the‘harness by stitching together a 
plurality of layers constituting a part of this belt, 
as shown in Fig. 3. 
The controlling mechanism which is interposed 

between the compressed air or gas storage means 
and the means which feed this air or gas to the 
person using the apparatus include means which 
reduce the pressure of the air or gas from the 
high pressure at which it is stored in the bottles 
21, 28 to a low pressure of about 0.75 inch of 
water at which the same can be fed to the 
person using the breathing apparatus. 

Pressure reducing mechanism suitable for this 
purpose is disclosed in United States patent ap 
plication Ser. No. 505,172 and is constructed and 
operated as follows: 
The numeral 113 represents the case of a con~ 

trol mechanism which may be attached to supported on the harness or any suitable part of 

the garment of the person using the apparatus 
by means of a clip 44. Within this case is ar 
ranged a body 45, the lower part of which con 
tains a high pressure chamber 46 and the upper 
part of which contains a low pressure chamber 
41. The outer end of the high pressure cham 
ber is detachably connected by a “quick connect” 
coupling with the delivery hose tll by a male 
tubular coupling plug 48 connected with the outer 
end of the high pressure chamber and pushed 
into a female socket 493 on the delivery hose 4|. 
Communication between the high and low pres~ 
sure chambers 46, 41 is controlled by a pressure 
reducing mechanism which is constructed as fol 
lows and shown in Figs. 2, 5, l0 and 11: 
The numeral 50 represents a valve seat formed 

around the port between the high and low pres 
sure chambers and 5| a reducing valve movable 
toward and from the seat for closing and open 
ing said port. Within the low pressure chamber 
is arranged a bell crank or L-shaped lever 52 
one arm of which bears against the inner end of 
the reducing valve 5| and the other arm of which 
is connected by a rod 53 with a head 54 which 
closes the movable end of a bellows 55. The 
?xed end of this bellows is secured to the body 
‘55 and its interior communicates with the high 
pressure chamber so that the interior of the bel 
lows is exposed to the same pressure which exists 
in the high pressure chamber. The head 54 of 
the bellows is subjected to the pressure of the 

75 ‘spring 56 which tends to collapse the bellows 
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which spring bears at its outer end against a 
follower 51 the position of which may be adjusted 
by a pressure adjusting screw 58 for varying the 
eifect of this spring. This adjusting screw 58 
is mounted on a bracket 59 which is connected 
with the body 45. 
When the pressure within the low pressure 

chamber has been reduced to the desired de 
gree, the bellows are expanded and turn the bell 
crank lever 52 so that the same moves the re 
ducing valve into its closed position, as shown in 
Fig. 5, thereby preventing the further admission 
vof high pressure medium from the high pressure 
chamber into the low pressure chamber. When 
thepressure in the low. pressurechamber drops 
below normal the return spring 55 contracts the 
bellows and turns the bell crank lever 52 with the 
‘aid of an auxiliary spring 60 and permits the 
reducing valve to open under the pressure exist 
ing in the high pressure chamber and thereby 
allows the air or gas under high pressure to flow 
from the high pressure chamber into the low 
pressure chamber. When the normal pressure 
has again been restored in the low pressure 
chamber the bellows expands and turns the bell 
crank lever in the direction for shutting the re 
ducing valve and arresting the ?ow of pressure 
medium from the high pressure chamber into 
the low pressure chamber.‘ 
In order to enable the user of the breathing _ 

apparatus to readily observe the pressure in the 
high pressure chamber the latter is connected by 
a passage 6| with a pressure indicator 62 mounted 
on the top of the case where the same can be 
conveniently read. 

If desired the high pressure chamber may be 
supplied directly with a main or large source of 
compressed air or gaseous medium instead of 
from the bottles 21, 28 which are of relatively 
small capacity. For this purpose the body 45 is 
provided externally of the case 43 with a “quick 
connect” coupling whereby the high pressure 
chamber 41 may be connected with a main low 
pressure source independently of the pressure 
storage bottles 21, 28. As shown in Figs. 2 and 5 
this “quick connect” coupling comprises a tubular 
male coupling plug 53, pushed into a female 
coupling socket 64 forming part of a main hose 
or tube 65 which communicates with a main 
or large source of pressure medium. This plug 
63 may also be used to simultaneously charge 
both bottles 21, 21. 
Although the “quick connect” couplings 3|, 32; 

‘as, as; and as, 64 may be of any suitable‘con 
‘struction that form shown in detail in Figs. 5 and 
9 is preferred and constructed as follows: 
The male member or plug of this “quick con 

nect” coupling is provided with a conical periph 
‘ery or tapering surface 66 and the bore 61 of 
the socket or female member of this coupling 
which is engaged by this conical periphery is of ‘ 
corresponding tapering or conical form, as shown 
in Fig. 5. As the plug 53 is pushed into the 
socket 64 the conical surface of the plug engages 
with two locking jaws 68 and spreads them and 
(at the inner end of this movement these jaws 
(contract and engage an annular groove 69 on 
the coupling plug whereby the plug and socket 
of the “quick connect” coupling are locked to 
gether. These jaws are pivoted by pins ‘H to the 
socket member 64 and are yieldingly held in en 
gagement with the groove 69 by springs 10 on 
the socket member 64. When it is desired to 
,unoouple the plug and socket of the “quick con 
nect” coupling, this may be effected by turning 
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a cup-shaped releasing sleeve l2 on the periph 
ery of the coupling socket whereby releasing pins 
13 on this sleeve are caused to spread the jaws 
68 and disengage the same from the groove 69 
of the coupling plug and thereby permit the 
latter and the coupling socket to be pulled apart. 
Rotation‘ of the releasing sleeve is limited by a 
stop pin 14 on the releasing sleeve engaging with 
a circumferential slot ‘[5 in this sleeve, as shown 
in Fig. 9. ‘ 

A check valve, similar to air tire valves, is em 
ployed in connecting the members of each “quick 
connect” coupling so that when the members of 
the same are connected the passage between the 
same will be opened but when these members 
are separated backward flow through the male 
member will be shut off. The main elements of 
such a check valve shown in Fig. 5 include a 
closure member 76 which is yieldin'gly held in its 
closed position by a spring ll and a releasing pin 
'18 arranged in the socket 64 of the coupling and 
operating against the stem 19 of the’ closure 
member for opening the check valve when the 
‘plug and socket of the “quick connect” coupling 
are pushed together. 
The body 45 forming part of the ?ow control 

means is spaced from the case 43 to form an 
intermediate delivery or respiration chamber 80 
which is adapted to receive low pressure breath 
ing ?uid from the low pressure chamber 4'! and 
supply the same to the means which feed this 
?uid to the person using the apparatus as re 
quired. The ?ow of this breathing ?uid from 
the “low pressure chamber to the delivery cham 
her is controlled by demand valve means which 
are responsive to the breathing action of the 
person being supplied with the breathing ?uid 
which demand valve means are similar to those 
shown in United States patent applications Se 
rial Numbers 466,165 and 505,172 and are con 
structed. as follows: . 

The numeral 8| is a ?uid port or passage‘ 
formed in the body 45 and extending from the low 
pressure chamber to the delivery chamber and 
having a rearwardly facing demand valve seat 82 
at its outlet end, as shown in Figs. 10 and 11. 
This seat is adapted to be engaged by a rocking 
demand valve 83 for opening and closing the 
port 82 which is connected with the inner end 
of an inclined valve stem 84 projecting into the 
delivery chamber 80. The outer end of this 
valve stem engages with the inner side of a 
?exible diaphragm 85 which forms a part of the 
wall of the case 83 and has its outer side exposed 
to atmospheric pressure. Upon exhausting ?uid 
from the delivery chamber by the inhalation of 
the person being served with this ?uid, the dia 
phragm 85 is drawn inwardly and causes the 
valve stem 84 to rock the demand valve 83 into 
an open position, as shown in Fig. 11, thereby 
permitting the breathing ?uid to ?ow from the 
low pressure chamber to the delivery chamber. 
When this inhalation ceases the demand valve 
is rocked back into its closed position by a spring 
86 connected ‘with this valve stem and resting 
of an adjacent relatively stationary support. 
Upon moving the demand valve into its closed 
position the spring 86 also moves the diaphragm 
outwardly into its expanded position, as indi 
cated in Fig. 10. 
For a purpose which will presently appear the 

demand valve 82 may be held constantly in its 
open position and thus permit the low pressure 
breathing ?uid to ?ow from the low pressure 
chamber into the delivery chamber independ~ 
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ently of the breathing action of the person being 
served. Means suitable for this purpose, shown 
in Figs. 2, 9 and 10, are similar to those shown 
in United States patent application Serial No. 
505,172 and are constructed as follows: 
The numeral 81 represents a cover applied to 

the case 43 over the outer side of the diaphragm 
and provided with openings 88 to permit the 
pressure of the atmosphere to act on the outer 
side of the diaphragm. The numeral 89 repre 
sents a bearing plate which engages with the 
outer side of the diaphragm and 90 a retaining 
arm having preferably the form of a leaf spring 
which has its inner free end connected with the 
bearing plate 89 while its outer end is connected 
with the cover 87. Means are provided for per 
mitting the retaining arm 93 to either move in 
wardly for holding the diaphragm in its collapsed 
condition and the demand valve in its open po 
sition or permitting the diaphragm to expand 
and the demand valve to close. This is accom 
plished by a detent projection 91 arranged on 
the inner side of the retaining arm adjacent to 
its ?xed end, a shifting head 92 movable length 
wise of said arm over said detent 9i and into a 
position on either side of the same, a shank 93 
movable radially in a slot 94 in the cover 3? 
and carrying said head at its inner end, and a 
positive pressure knob or ?ngerpiece 55 arranged 
outside of the cover and connected with the outer 
end of said shank. Upon moving said shifting 
head 92 inwardly nearer the free end of the re 
taining arm 90 the latter will be held in its out 
wardly retracted position, as shown in Fig. 10, 
whereby the diaphragm is free to expand and the 
demand valve is free to close, but when this 
shifting head is moved nearer to the ?xed end of 
the retaining arm 81, as shown in Fig. 11, this 
arm, due to its resilience, will move inwardly 
and hold the diaphragm in its contracted or col 
lapsed condition and hold the demand valve in 
a tilted open position. Upon moving the shift 
ing head 92 lengthwise of the retaining arm over 
the detent 9| in either direction, this detent will 
yieldingly hold the shifting head in its outer or 
inner position. 
The means for feeding the breathing or sus 

taining fluid to the person being served may be 
variously constructed but usually includes a 
mask, the body 96 of which is applied to the face 
of the person and held on the head of the same 
by fastening means Ell’ similar to those shown in 
Fig. l, or of any other suitable construction. 
The breathing ?uid is conducted from the deliv 
ery or respiration chamber 89 to the interior of 
this mask by a service tube $8 which is prefer 
ably of corrugated form and permanently con 
nected at its upper end with the inlet 99 at the 
front of the mask while its lower end is detach 
ably connected with the respiration chamber by 
a “quick connect” coupling comprising a tubular 
plug I06] arranged at the lower end of the service 
tube 98 and adapted to be slipped into a tubular 
socket l ii! arranged on the top of the case 53 and 
communicating by a passage 982 with the respi 
ration chamber, as shown in Fig. 5. 
Valve means are provided whereby the breath 

ing ?uid which is exhaled into the mask may be 
discharged from the latter to the atmosphere by 
encountering either practically no resistance or 
a substantial amount of resistance depending 
on the conditions under which the apparatus is 
being used. This is preferably accomplished by 
means of two exhalation valve units one of which, 
termed a primary or main exhalation valve unit, .. 

8 
opens under a low or nearly zero pressure in .the 
mask for permitting the breath of exhalation to 
escape from the mask to the atmosphere but can 
also be rendered inoperative by manually actu 
ated means so as to prevent escape of breathing 
?uid from the mask to the atmosphere, while the 
other, termed a secondary or auxiliary exhala 
tion valve unit, only opens under a relatively 
high pressure in the mask before the breath of 
exhalation can escape to the atmosphere. The 
primary exhalation valve unit, as shown in Figs. 
1, 6 and 7, is preferably constructed as follows: 
The numerals I03, I04 represent outer and in 

ner valve rings secured to the outer and inner 
sides of a part of one Wall of the mask around an 
opening I55 therein forming together the pri 
mary exhalation port of this valve unit. The 
outer valve ring “33 is provided around the outer 
end of this port with a valve seat I06 and this 
port is opened and ‘closed by a primary valve H11 
which is movable toward and from the seat I06. 
This valve is guided by means of a stem I 08 pro 
jecting outwardly from the central part thereof 
and sliding in a guideway £09 on the central part 
of a cap I it which extends over the outer side of 
the primary exhalation valve and engages with 
the outer side of the outer valve ring I03. The 
latter, together with the inner valve ring I04 and 
the cap 5 lil, are connected and secured to the 
mask by screws Hi. The primary exhalation 
valve is yieldingly held in its inner closed position 
by a comparatively light spring H2 which sur 
rounds the valve stem “28 and its guideway and 
is interposed between the primary exhalation 
valve and the cap i It), as shown in‘ Fig. 7. Around 
its center the cap of the primary exhalation 
valve is provided with an annular row of open 
ings H3 and on the outer side of this cap is ro 
tatably mounted a disk-shaped shutter I M which 
is pivoted on the cap by a pivot pin vI l5 project 
ing outwardly from the cap through a central 
bearing opening H6. This shutter is provided 
with an annular row of openings H’! which may 
be moved into and out of register with the open 
ings H3 in the cap IN] by turning the shutter 
manually on the pin 1 l5. Means for limiting'the 
oscillation of the shutter in either direction and 
arresting the same when its openings are either 
in register or out of register with the openings 
in the cap is preferably effected by a stop pin I I8 
projecting forwardly from the cap into a seg 
mental or arcuate slot H9 'in the shutter, as 
shown in Figs. 6 and '7. The shutter disk is fric 
tionally held against rotation by means of a 
spring E28 preferably of C-shape which is mount 
ed on the pivot pin H5 and interposed between 
the outer side of the shutter and a shoulder |2l 
on this pin so that the tension of this spring 
presses this shutter against the outer side of the 
cap. 
The secondary or auxiliary exhalation valve 

unit is constructed substantially like the primary 
exhalation valve .unit with the exception of the 
shutter device and comprises outer and inner 
valve rings H2, 523 engaging the outer and inner 
sides of another part of the wall of the mask 
around an opening l2ll therein and thus forming 
a secondary exhalation port, an outwardly fac 
ing secondary valve seat I25 formed on the outer 
side of the ring I23 around this port, a second 
ary exhalation valve I126 movable toward and 
from the valve, seat I25 for closing and opening 
the secondary exhalation port, a guide pin I21 
projecting outwardly from the secondary exhala 

75 tion valve and sliding in a guideway I28 formed 
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in a cap I29 which extends across the outer side 
of the valve I26 and ring I23, screws I29 connect 
ing the valve rings I23, I24 and the cap I32 with 
the respective wall of the mask, openings I30 
formed in the cap I29 around its center,‘ and a 
comparatively heavy spring I3l surrounding the 
guide pin I2'I'and guideway I28 and interposed 
between the cap I29 and the secondary valve I26 
for holding the latter yieldingly in its inner 
closed position in engagement with the seat I25. 
Whenever the Worker inhales and draws ?uid 

by a negative pressure from the delivery or res 
piration chamber 80 into the mask the pressure 
on the outer side of the diaphragm drops below 
atmospheric pressure whereby the demand valve 
83 is opened and low pressure ?uid is permitted 
to flow from the lowpressure chamber Ill to the 
respiration chamber and replace that which has 
been drawn through the service tube 98 into the 
mask. Under normal conditions when the at 
mosphere is not contaminated, part of the fluid 
in the mask during exhalation of the person is 
discharged from the mask to the outer atmosg 
phere through the port of the primary exhalation 
valve unit the valve disk Hi1 of which opens eas 
ily inasmuch as the resilient resistance to the 
light spring II2 to ‘such opening is almost zero, 
but closes quickly when a negative pressure exists 
in themask during inhaling and thus prevents 
any air outside of the mask from entering the 
mask. ‘ , 

When, however,‘the worker suspects the pres 
ence of poisonous or noxious substances in the at 
mosphere through which he is able to travel, he 
not only pushes, down the positive pressure knob 
95 so as to open the demand valve 33, as shown in} 
Fig. 11, but he also turns the shutter H4 so as to 
close the shutter openings H3 and thus prevent 
the primary exhalation valve IE1‘! from opening, 
thereby compelling the discharge of exhalation 
from the mask to the outer atmosphere through 
the secondary exhalation valve unit to take place 
under a higher resistance due to the heavier 
spring I3! which loads the secondary exhalation 
valve to such an extent that it only opens at a 
pressure of 1.25 inches of water which is slightly 
above the pressure‘of ?uid, viz., 0.75 inch of wa 
ter, as the ?uid is discharged by the pressure reg 
ulator or reducer into the respiration chamber 
and mask connected therewith by the service 
tube 98. In other words, the worker, under these 
particular conditions inhales‘ from a source 
which has a pressure of, say, 0.75 inch of water 
and hence drops the pressure in the mask to a 
point slightly below 0.75 inch of water. Then, 
when he exhales, he causes the pressure in the 
mask and in the corrugated hose or service tube 
98 and connecting spaces to rise to, say, 1.25 
inches of water, which pressure is suf?cient to 
permit exhalation to be vented out from ‘the 
mask to the outer atmosphere through the heavy 
spring loaded secondary exhalation valve I26, 
From the foregoing it will be clear that dur 

ing normal use of the apparatus the demand 
valve will be opened intermittently by negative 
pressure due to inhalation of the wearer which 
is satisfactory for breathing under safe condi 
tions, but‘ if the wearer believes that the atmos 
phere might be dangerously poisonous, noxious 
or injurious he naturally does not want any nega- ' 
tive pressure in the mask, the service hose or 
other spaces communicating therewith, but in-v 
stead wants a positive pressure in these spaces 
to insure a de?nite supply of life sustaining fluid 
to the wearer while there‘ is a possibility of‘the' 
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surrounding atmosphere being contaminated and 
it is at this time that the primary exhalation 
valve is shut off and the demand valve is held. 
open so as to ensure a steady supply of life sus 
taining ?uid to the wearer and prevent the ‘same 
from escaping too freely to the atmosphere. 
Experiments haveshown that when a person‘ 

is at rest while using this apparatus, approxi 
mately the ?rst third of the volume of air or 
breath exhaled contains only slight traces of CO2, 
the reason probably being that this third part 
of the air or breath which previously ?lled the 
mouth, thoraxic ducts, bronchial tubes and the 
entrance of‘the lungs neverreached the main 
area of the lungs from which the major part 
or bulk of C02 emanates and, furthermore, did 
not have time enough to absorb any considerable 
part-of CO2 .fromthe breath which did ‘go into 
the lungs. Means are therefore provided by this 
invention whereby this ?rst one-third of each 
exhaled breath is prevented from venting out to 
the atmosphere through the exhalation valves, 
but is saved for use in connection with the next‘ 
inhalation which means are constructed as fol-r 
lows: . 

At a point relatively close to the respiration 
chamber and the inlet end of the service hose 93v 
and remote from the mask a surge chamber or 
compartment I32 is provided which in effect is 
'an enlargement of the passage between the res 
piration chamber and the mask and serves to. 
take up any back pressure of air in this passage. 
In the preferred construction this surge cham 
ber is formed in a bag I33 which is made of im 
pervious but ?exible and elastic material, such 
as rubber, which has a neck I34 communicating‘ 
with the air service passage from the respiration 
chamber to the mask at a point relatively close 
to this chamber but remote from the mask. As 
shown in Fig. 5 the connection between the surge 
bag I33 is effected by detachably mounting the 
surge bag onthe case 43 so that it communi 
cates with the air service passage between the 
respiration chamber and the socket IIlI which re 
ceives the “quick connect” coupling plug I00. 
The, means for thus detachably mounting the 
surge bag on the case comprise a collar I34 se 
cured to the neck of this bag and resting by 1 
means of an interposed soft packing ring I35 

"on an annular shoulder I36 on the case and a 
clamping ring I31 having a screw connection ‘ 
with the case and bearing against ‘the front or. 
upper side of the collar I34. 
When the worker is inhaling, a partial vac? ‘ 

' :uum is created in the service hose 98 and‘ in the 
respiration chamber and spaces communicating . 
therewith. When the worker starts the next fol- ' 
lowing exhalation the pressure in the mask, serv- 7 
ice hose and the respiration chamber is increased, _ 
,but at ?rst this increased pressure is not enough 
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to open either of the exhalation valves. While 
this pressure is being built up, some of the ex 
haled air ?ows backwardly into the surge bag I33 
and builds up an appreciable amount of pressure 
therein. When the worker again inhales the 
pressure in the mask, service hose and respira~ . 
tion chamber, as well as in the surge bag, is again 
lowered, thereby causing the air stored in the I 
surge bag to ?ow out and join the stream of air 
‘which is ?owing from the respiration chamber 
to the mask before the demand valve is opened. 
This insures that all the air inhaled is. well loaded 
with C02 before it is exhaled from the mask and 
thereby enables the worker to use the apparatus 
a longer time before he is compelled to‘ come back 
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to thesqllme of supply afwmpressssi iresh air to. 
re?ll‘ his portable bottlesorcqnt‘ i'ne'rs?" " ‘ " 

' Owing to the surge has beineclqselv ‘Connected. 
with the respiration chamber and remotely cfoinéi 
nected with the mask, the first third of the. ex‘: 
halation of the worker which'is' only slightlyiconé 
taminat'ed with'COz does not pass into thels'urge 
bag but is received almost wholly within the mas}; 
and the service .hose and ‘is thereafter swept 
into the very bottom or remote part of the lungs 
during the next inhalation, thereby always keep 
ing'the surge bag free from CO2. At the’ end 
of each inhalation all parts of this apparatus are 
free from contaminated air, particularly‘the mask 
and service hose which are close to the face of 
the wearer. 'It will now be‘ apparent that the 
?rst third, or substantially so‘, of the breath which 
is‘exhaled by ‘the 'person'using the apparatus is 
that which contains the lowest percentage‘ of 
CO1). and it is this partly vitia‘ted or contaminated 
air which is sent down to the very deepestpart 
of the‘ lungs'on the next inhalation and thus 
charged to'the maximum extent‘ WithCOa and, is 
then‘ the last part of the air to be ‘exhaled and 
hence is inevitably discharged to the outer atmo's- . 
phere through one or both exhalation valves 
which open at this time under the increased prese 
sure exerted against them at this time, while none 
of ‘this air is directed toward the surge bag be-l 
cause the latter is only ?lled as a consequence of 
the backward flow of the ?rst, third of the exhaled 
air. 

When the user of this apparatus exhales the 
virtually uncontaminated air, from the thorax. 
bronchial tubes, etc., the same enters the mask 
before enough pressure has been built up therein 
to open the exhalation ‘valves and service hose, 
thereby causing a ‘pressure to be. built up in the 
surge bag.‘ During the subsequent inhalation 
?uid ?ows from ‘the surge. bag and, respiration 
chamber before‘ the ‘demand valve ‘opens, which 
ensures that all the air which is fully inhaled will 
be‘ well’l'oaded with CO2 before‘it' is, discharged. 
from the mask to the outer atmosphere and thus 
enables‘ the worker to use the apparatus a’ longer 
time before he i's'cOmpelled to re?ll the portable 
containers ‘from a main supply source; ’ By thus 
saving the ?rst third of the w'orkerfs exhaled 
breath, both when he is resting'and when‘ he'is 
doing physical work, the length of time he can 
keep‘g'oingw'ithout recharging mean storage 
bottles or tanks is increased one-third, or for. 
the same length of time, the‘ size of the bottles or 
tanks may be reduced one-third.v ' ' ' 

If desired the surge'chamber may be formed in 
a metal can or other container having‘ ?xed walls 
but this is‘ disadvantageous owing t6 the capacity 
being constant and permits of ‘storing therein a 
volume of air equal to. the difference betweenfthe 
pressure, of the air ?ow into and out of such a 
can, whereas a ?exible bag when collapsed ‘can 
receive its full volumev of air at a pressure which 
balances the atmospheric pressure, and'can re 
ceive, in addition, the same, volume of air which a 
metal can is capable ofv storing. ' ' ‘ 
By utilizing’ abagfwhich is not only ?exible 

but also ‘elastic as,‘ a surge chamber the same is. 
merelyfdistended' and, collapsed or contracted, 
but‘not stretched when used while the worker 
is at rest. When, however, the worker does 
physical work, then both the volumes and posi 
tive ‘and negative pressures 'of hi's'iinhala'tio’n and 
exhalation are increased under which circum 
stances the bag not only collapses, as would a 
bag‘ which is only ?exible a'nd'not stratc/hablel 
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12 
but the same is also capable of increased capacity 
due to ‘its stretchability, thereby enabling the 
same ‘to' hold approximately one-third greater 
volume of air. ‘ ' ' 

In order to prevent too great a distention of 
the elastic surge bag and possible bursting of 
the same, limiting means are provided which 
operate to arrest the further expansion of the 
surge bag after the same has expanded to a 
predetermined extent. Various means may be 
employed for this purpose. For example, as 
shown in Fig. 5, this is accomplished by a guard 
or stop wall I38 which preferably is formed in 
tegrally with the case and encloses the surge 
bag like a cage and is provided with vent open; 
ings'l39 so that the exterior of the surge bag'is 
exposed to atmospheric pressure. When the 
surge bag has been distended by the pressure of 
the air within the same until it engages the limit 
in'g wall I38 further distention is prevented and 
thus avoids injury to the same. ' " ’ 

' Instead of employing a separate surge bag as 
a unit separate from the case 43 it is to be un 
derstood that the volume of the respiration or 
delivery chamber 8!! may be made sufficiently 
large, as shown in Fig. 5, to also form' an in 
?exible surge tank which will take care of the 
?rst third of the air exhaled by the worker while 
resting or while'doing' physical work, and, if de 
sired, this surge bag may be arranged in a suit 
able compartment within the respiration cham 
ber instead of on the outer side of the same. ‘ 
An alternative form of means for taking care 

of the ?rst one-third of the exhalation of the 
worker is shown in Fig. 12 in which a ?exible 
and elastic surge bag I93 is arranged on one side 
of the respiration chamber 30 of the case and 
provided with'a tubular neck I46 which is con 
nected with a coupling tube Ml projecting from 
the side of the case and places the respiration 
chamber in communication with this surge bag. 
Expansion or distension of the surge bag in this 
modi?ed form of this feature of the invention 
is limited by an inelastic netting or open mesh 
sack M2 which encloses the surge bag E93. 

Safety means are provided whereby compressed 
air may be conducted directly from the high pres- 
sure source of air to the service hose and mask 
regardless of the pressure reducing or regulating 
means or the demand valve mechanism in case 
of an emergency, such as might occur if the pres- 
sure reducing means and the demand valve 
means, or either of them, should become defective 
or fail to operate emciently or cease to function 
altogether. Means for this purpose are shown 

‘ in Fig. 5 and include a safety or emergency by 
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pass 144 formed in the body 45 and extending 
from the high pressure air chamber 46 to the 
respiration chamber 8H and a safety valve having 
preferably the form of a plug I45 which has a 
screw connection with the body 45 so that upon 
turning this plug in one direction the same will 
obstruct or close the bypass M4 and prevent 
the flow of. high pressure air directly to the mask 
While upon turning this plug in the opposite di 

' rection this bypass is opened and permits high 
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pressure air to pass from its source directly to. 
the mask through the medium of th‘efservice 
hose, thereby avoiding endangering the worker 
for the want of uncontaminated air. As a pre-, 
caution to prevent this safety valve from beingv 
opened except in case of an emergency'th‘e same 
is sealed in its closed position by a soft lead re 
taining or sealing'wire I46 which passes through 
an eye I41 on the outer end of the screw plug 
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valve and is soldered to the adjacent part of the 
case. Whenever the occasion requires it the 
worker breaks the sealing wire by hand and then 
turns this plug valve into its open position and 
thus permits air to reach the mask without be 
ing subjected to the operation of the regulating 
valve and demand valve, or either of them. 

I claim as my invention: 
A breathing apparatus, comprising a high pres 

sure ?uid chamber adapted to receive sustaining 
?uid from a high pressure source, a low pressure 
chamber which receives ?uid at reduced pres 
sure from said high pressure chamber, a respira 
tion chamber which receives ?uid from said low 
pressure chamber, a mask which communicates 
with said respiration chamber and whereby'sus 
taining ?uid is supplied to a person, exhalation 
valve means through which fluid is discharged 
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from the mask and which comprises one unit 
having a lightly loaded outwardly opening check 
valve member and another unit having a heavily 
loaded outwardly opening check valve member, 
manually operated means for positively holding 
said lightly loaded check valve member in its 
closed position, pressure regulating valve means 
interposed between said high and low pressure 
chambers, demand valve means interposed be 
tween said low pressure chamber and said respi 
ration chamber and adapted to be opened in 
response to inhalation of the person using the 
apparatus, and manually operated retaining 
means for holding the demand valve means in 
open position and bypassing said pressure regu 
lating valve means. 

PHILLIP E. MEIDENBAUER, JR. 


