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UNITED STATES PATENT OFFICE 
2,507,450 

"OXYGENGENERATOR WITH INTEGRATED 
INITIATING DEVICE 

... , Glenn A. Millikan, Nashville, Tenn., and Victor 
... "..A Legallais, Philadelphia, Pa. assignors to the 

United States of America as represented by the 
. . .-Secretary of War 

Application June 12, 1947; Serial No. 754,218 
... 10 Claims... (C.128- 203) 

is thexinvention described herein may be manun 
factured and used by or for the:government for 
governmental purposes without payments to us 
of: any royalty.thereon, 
This invention-relates:stogan oxygen generator 

and breathing device for: use by aviators; at high 
altitudes. 

iIt is known that:aViators...atihigh-altitudes: may 
be subjected to:emergencies such as the rupture 
ing of: a pressurized; cabin, so that: they must 
have oxygen to breathe within a few: Seconds 
after their normaliair supply is taken:away from 
them. Under: such'..conditions, it is, necessary 
for survival: to have an:oxygen generator which 
can start: Suddenly and reliably, and Which re 
quires - a minimum of ::manual :-operation 3 to 
initiate. 

: One object of this-invention:isito, provide an 
oxygen: generator; of the ?iguicks starting :type 
which Will's riots void':oxygen unlessiitiis being 
breathed. 
Another: object. is to provide...integrated 

initiating devices for the 'generator'; which will 
simultaneously."open the canisteriseal, the bag 
seal, and initiate" the burning of the chlorate. 
candle, which generates most of the oxygendur 
ing, the first three minutes of operation. 
:::Another object is to provide an oxygen unit 
which will furnish a reserve of usable. Oxygen 
after the generating chemicals are exhausted. . . 
Another object is to provides an Oxygen gen 

erator which is unusually compact and may be 
worn before.use, without the breather bag be 
ing: inconveniently unfolded. 

In the drawings: . s: 
Eig. 1 is an oblique view.of an aviator. Wearing 

our device; 
... Fig. 2 is a vertical section of our device, show 
ing the generator, the closures thereof and the 
breather, bag. therefor; - 

Fig.: 3 is a perspective. view of...the-top- of the 
generator while it, is still unactivated; 
*Fig.; 4 is a sperspective view, of the top of the 

generator-after...it...hast, been opened, i.e. acti 
wated; 
s: Fig. 5 is a perspective view of the bottom of...the 
generator while.itis-in-process of being activated; 
2. Fig. 6... is a vertical section of an exhalation 
valve for the mask. The valveis, shown open; 
... Eig. 7 is: ansedge view. of the same-valve closed; 
and 

; Fig. 8.is a plan-View, of the same: valve closed. 
: In-Fig1, the principal parts.of the device. are 
shown in use; together with a mask. - 0 is an 
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2. 
lf-a-breathing bag., attached thereto, i2 is a 
flexible breathing, tube attached to a mask, or facepiece, 3. 

In Fig.2, the generator, O. appears on-a greatly 
enlarged scale, compared to Fig: 1. and approxi 
mates actual-size. : sis-a-breathing bag, which 
is extended. The flexible:rubber tube 2 is shown 
broken away. On-ther left side of, generator... O 
there...is a clip: 4 for attaching...the generator...to 
the aviator's clothing. or harness. On...the right 
side (see also. Fig.-3) is a ball 5-of: a size which 
will fit easily into the palm of the hand, and a 
wire-cable of 6...for...initiating the generator... As 
Willibe-seen from Fig. 3, the cable - 6 is before 
initiation attached-to-a-starting-lever-7 which 
locks, an exit pipe, 38 to which the rubber-tube 
2 is attached when the generator is in use. The 

starting lever, f : has a yoke-shape and is de 
tachably-hinged to two-lugs. 9. and 9a, which are 
parts of a shelf. 20...which "ies: under the top-sur 
face-of the generator 0. A stopper. 2...is-at 
tached to, the under-side of starting-lever-17 by 
a bolt, 22 and a nut 23. When-the-lever. T., is 
down-the-stopper closes-the exit pipeg 8. 
An inner metal canister: 25, together with its 

contents; comprises anoxidizing cartridge; and 
eontains-active material. The entire generator 
unit is designed as: a-cheap-'expendable device 
which sisto..be discarded when exhausted: ; An 
alternative, but heavier, design could -utilize-, a 
replaeeable, cartridge. A wallportion 26 of:the 
carrister.25 is preferably-covered on the outside 
with glass; cloth-243 or-other, thermal insulation 
which may extend around, and protect the rubber 
breathing bag, ft. The insulation 24-serves to 
keep the schemical-reaction-in-the generator:from 
dying out...The bag - and a protective-cover 
24dotherefor, are intended, to be folded and re 
tained adjacent to the bottom of the generator 
O. A pair of springsopened doors 27 and 2 a. 

(Fig. 5): serve the purpose of ejecting the folded 
bage from its resting place and largely opening 
it. Iriflation is primarily caused by the rapid 
production of gas by a chlorate candle primer 
or igniter which is later described. 

Before the generator is used, there is a thin 
brass seal 60 (see Fig.2) which is then intact but 
later, upon aestivation of the generator, broken 
by a small guillotine 6... which has a Spade 
shaped knife 62. In Fig. 2, the knife 62 has rupi, 
tured the seal 60. Both the guillotine 6 and the 
double doors 2 and 2a are actuable by...a mouse 
trap type of spring 63 which is wound over a 

oxygen, generator of generally, cylindrical shape, 55 mandrels 64. The inner-ends...of spring, 63 are 
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attached to the doors 27 and 2a, while a loop 
85 is attached to the guillotine. 

Referring again to Figs. 3 and 4, 28 and 28a. 
are reserve starting levers for additional chlor 
ate candles. The candies are activated by a pull 
on a trigger wire 29 on the end of which is a 
Simall ball 30. The reserve starting levers 23 
and 28a bear slots 3 which retain the balls 36 
sufficiently long during a pull on the cords 29 
to activate the candles. Lugs 32 serve as full 
crums for the levers 28 and 28.a. Extending from 
starting lever it and over the reserve levers 28 
and 28a, there is a yoke 28b which fits under lugs 
9 and 9a. It is provided with a slot 3 which 
holds the starting ball 30 of the middle chlorate 
candle. A tab 33 which is part of a guard 34 
for reserve lever lifting rings 35 and 35a, extends 
upward through a slot in the bag release men 
ber 38. The guard 34 is in turn retained over 
the rings 35 and 35d. by the pressure of a strap 
36 which extends from a slot 37 in the rear end 
of a bag release member 38 which fits under the 
starting lever . Yoke 28b will clear lugs 9 and 
9a, without a rearward motion because of the 

fact that there is enough give in the parts 33, 
9, 9d, and 28b to allow the force acting on the 
lever 7 to free yoke 28b from the lugs 9 and 
9a. The strap 36, as will be seen fron Fig. 2, 

fits about the folded bag and its cover 26. 
Release of the bag release member 38 allows the 
bag to fall while strap 36 retains the bag re 
lease member 38. 

In Fig. 4, is shown a check wave 39 which fits 
inside the exit pipe f8. After the stopper 2 is 
lifted, the valve 39 remains closed to prevent 
egreSS of OXygen until a suitable concentration 
of this gas has built up. 

In using this invention, it is necessary that 
the mask 3 contain a valve 4 of the kind shown 
in Figs. 6, 7 and 8. The purpose of this waive 
is to selectively shut off exhalation to the at 
mosphere from the mask so that the wearer's 
breath must return to the bag via the gen 
erator f. Its location is in the front of the 
mask in the exhalation port. The rubber side 
of the valve is faces the interior of the mask. 
A loading of the mask interior to a pressure of 
about 5 cm. of water is desired. 

42 is a cylindrical rubber body of valve 4 f. Its 
Section is shown in Fig. 6. 43 and 43a are two 
individuals of a plurality of openings extending 
entirely through the body 42, 44 is a circumfer 
ential channel on the body 42 by which the valve 
may he held in the mask 3. 45 is a screw which 
extends through the body 42 and retains between 
an inner nut 46 and an outer nut 47, a snap dia 
phragm 48 which loosely encloses by means of 
ear's 49 a second snap diaphragm 50 and an actu 
ator 5 therefor. Actuator 5 is centrally perfo 
rated at 52. Behind the diaphragms 48 and 5) 
is a rubber cap 53 which has very little thickness. 
thereby making it possible to overlie the beveled 
edges 54 of the valve body 42 and close the 
openings 43 and 43d. 
When the valve is closed, as shown in Fig. 7, 

the diaphragm 50 is straight and diaphragm 48 
is bent backward over diaphragm 53. By grasp 
ing the edge of diaphragm 48 and pulling it away 
from the body 42, the diaphragm 48 will snap to 
the position shown in Fig. 6, allowing diaphragm 
53 to lift from openings 43 and 43d, thereby un 
Sealing them. 

Interiorly the generator iO is divided by a wire 
gauze partition 70 into a guillotine operating 
space T ; by two other such partitions 72 and 73, 
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4. 
upper and lower respectively, into an oxygen gen 
erating space and by another partition 75. Wov 
en glass fiber is incorporated in each partition 
to keep the KCl and other solids which are gen 
erated by candle combustion within the candle 
Space by filter action. Woven glass fiber is also 
employed to hold the KO2 in place on the walls. 
In order to keep the temperature below 150° C. 
above which the filtration of chlorides through 
the woven glass fiber is hindered, some heat 
absorbing Substance Such as hydrous copper sul 
fate CuSO4.5H2O or potassium-permanganate 
impregnated active carbon may be placed be 
tween the candle and the filtering partitions, as 
for example, at 87. 

In the valve 39 there is a stem 76 which is ver 
tically slidable in a tube 80 which is held erect 
in holes in the gauze partitions 72 and 75 by 
Solder. Below the diaphragm 40 of valve 39 
there is a weak coil spring 78 which is depressible 
by any pressure in the tube 2 which is greater 
than 5 cm. of water. Therefore it is depressible 
by breathing pressure. The valve 39 is main 
tained in a fully open position while the device 
is being worn. The mask connector of the 
breathing tube 2 engages with the cross bar of 
the valve 39. Inhaled and exhaled air passes 
freely through this open waive. When the unit 
is disconnected and laid aside for a time the valve 
is closed, thus conserving the oxygen in the con 
nector and bag. 
The generating space between gauze dia 

phragms 72 and 73 is lined as to its vertical walls 
with a charge of potassium peroxide, KO2 or K2O4 
Sometimes known by its commercial name 
"KOX.' This substance will absorb CO2 and 
water and will liberate 1% mols of oxygen for 
each no of carbon dioxide Or - Water absorbed. 
Since this reaction demands that CO2 or water 
be furnished as starting material, it cannot fur 
nish ready oxygen as soon as the mask is put on. 
Therefore three chlorate candles, of which two, 
8 and 82 respectively, are shown in Fig. 2, are 
provided. Candles having the following compo 
sition are satisfactory as Self-propagating oxy 
gen generators: 

Per cent by weight 
Sodium chlorate -------------------------- 81. 
Iron powder ------------------------------ i0 
Barium peroxide -------------------------- 3 
Powdered glass fiber ---------------------- 6 

On candle 8 there is shown a red phosphorous 
antimony trisulfide-potassium chlorate igniter 
similar in principle to the well known Bickford 
pull-fuse or box-striking Safety match. It com 
prises a case 83 to which is attached a second case 
84. The latter contains a spring 85 of sheet 
material which is adapted to rotate a rough 
chemical-coated friction plate 85a on a composi 
tion 85b, friction between the plate 85a and com 
position 85b produces ignition. The lower end 
of pull wire 29 is adapted to trigger the spring 85. 
A vertical tube 86 is provided to guide the wire 29. 

In operation, the ball handle 5 is pulled there 
by lifting lever 7 through cable 6. The pull 
may be a single motion of one hand. Stopper 
2 is lifted out of exit pipe 8. The same pull of 
lever 7 is exerted on wire 29 to trigger the coil 
spring 85 to rotate the friction plate 85a on the 
initiating chemical 85b. Friction between the 
chemicals initiates combustion of the chlorate 
candle 8, thus generating oxygen. This effect is 
due to the heating of that excess chlorate in the 

75 candle which does not react with the combustible 
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candle constituents. The 'wearer now inhales 
oxygen. 
Meanwhile the pull on lever 7 has released 

strap 36 which drops and releases bag ff. The 
doors 2 and 2 a now relieved of the pressure of 
the: bag, fly open under the urging of spring, 63. 

5. Guillotine 8f simultaneously-cuts the seal 60. 
The chlorate candle immediately liberates oxygen 

7. at a rate which completely fills the canister, and 
expands.the bag in a few seconds. Excess oxygen 

::is vented if the mask has already been connected, 
, throughs the loaded expiratory valve in the mask. 

The three oxygen candles. act only as one ini 
tial primer and two final reserves of oxygen. 
:They iterate; enough oxygen to supply the flier 
for only five to ten minutes, but they do it quickly 
:and positively. The “KOX,' which supplies oxy 
gen inaccordance:with need according to the CO2 
and water vapor reaching it, provides an adequate 
regular Supply of oxygen to the wearer for the , 
1-2 hour duration of the unit. The “KOX' is 
Supplemented by the chlorate candles because (a) 
"KOX' starts sluggishly, especially in the cold, 
(b) a large excess of oxygen is needed at the 
start of operation to flush out the system with 
pure oxygen, and (c) a Small reserve of oxygen 
should be instantly available after a collapse sig 
nals the wearer that the “KOX' has become ex 
hausted. 
Numerous changes and substitutions may be : 

made without departing from the spirit of the 
invention as defined by the appended claims. 
The invention claimed is: 
1. In an oxygen generator, the combination 

which comprises a canister, oxygen generating 
means within said canister, an exit pipe on the 
top of Said canister, a seal for the top of said exit 
pipe, initiating means for said oxygen-generating 
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means, a lever attached to the top of said canis 
ter adapted to unseal the exit pipe, said initiat- it: 
ing means being attached to and actuable by 
said lever, said generator having in addition a 
breathing bag foldedly attached to the bottom of 
Said canister when the generator is not in use, 
bag-retaining means attached to the lever and 
extending around the folded bag, said bag-retain 
ing means being releasable by the operation of 
said lever, a seal between the bottom of the canis 
ter and the bottom of the bag and means at 
tached to the bottom of the canister for ruptur 
ing the seal upon release of the bag. 

2. The combination recited in claim 1 in which 
the seal rupturing means comprises a mouse-trap 
type of spring, a guillotine carried on a loop 
thereof, and two downwardly opening doors mov 
able by the spring ends to open the bag. 

3. In an oxygen generator, a canister, thermal 
insulation around said canister, a breathing bag 
foldedly attached to the bottom of said canister 
when the generator is not, in use, said insulation 
extending around said breathing bag to protect 
the latter, an exit tube for oxygen extending from 
the top of the canister, unsealing means compris 
ing a lever and a stopper attached thereto, said 
stopper being normally in said exit pipe but re 
movable therefrom by movement of said lever, 
bag-retaining means releasable by the same mo 
tion of said lever, a plurality of chlorate candles 
within said generator, initiating means for each 
candle, said iiitiating means being actuable from 
the top of the canister, the initiating means for 
one candle being actuable by the movement of 
the lever to unseal the exit pipe and release the 
bag. 
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6 
imeans "carried on the bottom of the canister for 
simultaneously spreading the folded bag and 
opening communication for gas between the in 
terier of the canister and the interior of the bag. 

5. In combination in an oxygen supply unit, 'a 
generator, a breathing bag folded under Said gen 
erator, an exit pipe for Oxygen from the top of 
said generator, a seal for said exit pipe, multiple 
oxygen generating" charges within Said genera 
tor, a seal between said generator and said bag 
below said generating charges, means for ignit 
ing each generating charge from the top of the 
generator, lever means for unsealing Said exit 
pipe, release means controlled by said lever means 
for "dropping Said bag and rupturing said "lower 
seal, one igniting means for a generating charge 
being actuable by the movement of said lever 
whereby the generator may be put into operation 
by one movement of...one hand. 

6. The combination recited in claim 5 and in 
addition, a filling of potassium peroxide on the 
interior of the generator. 

7. A rebreather oxygen supply unit comprising 
a generator, thermal insulation about said gener 
ator for promoting the chemical reactions taking 
place therein. a filling of a water and carbon 
dioxide absorbing substance, a plurality of unit 
charges of a chemical mixture which generates 
oxygen upon initiation of combustion therein, 
senarate means for initiating combustion in each 
unit charge, a breathing bag foldedly attached 
to the bottom of the generator when the latter is 
not in use, spring actuated means for opening the 
bag and establishing gaseous communication be 
tween its interior and the interior of the genera 
tor, lever means hingedly fulcrumed on said gen 
erator for opening a top exit therefrom, a strap 
releasable by the operation of said lever means 
for releasing the bag and freeing the spring ac 
tuated bag opening means, a wire connected to 
said fever means and to the combustion initiating 
means whereby actuation of the lever means will 
pull the wire and so initiate combustion of one 
oxygen generating charge. 

8. In an oxygen supply unit, a generator, an 
oxygen generating System in said generator com 
prising a plurality of chlorate candles, separate 
ignition means for each candle and a charge of a 
carbon dioxide and water-absorbing, oxygen-gen 
erating chemical arranged to have an extensive 
surface, a rebreather bag on said generator, an 
exit pipe from the top of said generator to a pres 
sure mask, a valve in said exhaust pipe for con 
nection to prevent loss of oxygen when the de 
wice is open but not in use, and for the accumu 
lation of a reserve supply available for breathing 
from said bag after all of the chemicals in the 
generator have become exhausted. 

9. The combination recited in claim 8 plus wire 
gauze partitions at the top and bottom of that 
space in the generator which contains the oxy 
gen generating chemicals, said partitions com 
prising glass fibers being adapted to filter solids 
from the gas generated by Said chemicals, said 
partitions at least in part supporting the valve 
for preventing loss of oxygen when the device is 
open but not in use. 

10. In combination in an expendable oxygen 
generating system, a generator, oxygen generat 
ing means in said generator comprising a filling 
of potassium peroxide arranged to have an exten 
sive surface and capable of furnishing most of 
the oxygen, a plurality of chlorate candles 
mounted vertically within said generator, the 

4. The combination set forth in claim 3 plus 75 first candle being able to furnish oxygen suffi 
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cient for breathing during approximately the 
first three minutes of operation, filter means at 
the top and bottom of said generator, Separate 
means for initiating combustion in each chlorate 
candle, a breathing bag foldedly attached to the 
bottom of the generator when the latter is not 
in use, spring-actuated means for opening the 
bag and establishing gaseous communication be 
tween its interior and the interior of the gen 
erator, lever means hingedly fulcrumed on said 
generator for opening a top exit therefrom 
through the top filter, a strap releasable by the 
operation of Said lever means for releasing the 
bag and freeing the Spring-actuated bag-opening 
means, a wire connected to said lever means and 
to the combustion initiating means whereby the 
actuation of the lever means will pull the wire 
and so initiate the combustion of one chlorate 
candle. 

GLENN A. MILLIKAN. 
WICTOR. A. LEGALLAIS. 
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