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(54) Protected breathing device

(57)  An emergency escape breathing device (100),
comprising: a canister housing (120) containing a CO,
absorbing canister (121) and an oxygen bottle (110) con-
figured to contain compressed oxygen, an oxygen re-

lease regulator configured to release of the compressed
oxygen at a constant rate during use of the emergency
escape breathing device, the oxygen release regulator
being substantially contained within the oxygen bottle, a
contour lung (160) and a mouthpiece (140).
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Description
FIELD AND BACKGROUND OF THE INVENTION

[0001] The presentinvention relates to emergency es-
cape breathing devices. More specifically the present in-
vention relates to emergency escape breathing devices
having protected oxygen regulators and large counter
lung capacities.

[0002] An emergency escape breathing device sup-
plies recycled purified air to a user by adsorbing CO,
(carbon dioxide) from expired air and enriching the air
with O, (oxygen) in a closed loop system. Emergency
escape breathing devices provide purified air to a user
for a limited time during escape from a hostile environ-
ment, for example a smoke-filled building posing immi-
nent danger to breathing.

[0003] Existing emergency escape breathing devices
have compressed, dry or liquid, O, in a bottle that once
activated, provides a constant flow of approximately 1.2
- 1.5 liters of O, per minute throughout use of the emer-
gency escape breathing device. The key to providing the
O, at this constant rate is a regulator on the O, bottle; a
sensitive part of the emergency escape breathing device
that can malfunction due to knocks or bangs during stor-
age or use of the emergency escape breathing device.
[0004] US Patents 7,140,591, and 6,997,348 (Drop-
pleman), the entirety of which are incorporated herein by
reference, teach emergency escape breathing devices
having a vulnerable O, regulator which, during storage
for a period of up to 15 years, or during, use may be
knocked or banged, causing malfunction. A malfunction-
ing O, regulator will deny the user purified air in a hostile
environment and may result in death of the user.
[0005] In addition, the above-noted patents have an
O, bottle that may malfunction due to the impact of being
dropped. Further, if the O, bottle heats up due to the high
temperature of the environment the user may get a burn
upon touching the O, bottle.

[0006] Another component of the emergency escape
breathing device is a counter lung, a reservoir configured
to contain purified air and O,. A large counter lung allows
the user continued breathing for a significant period of
time after the O, from the O, bottle has been exhausted.
Large counter lungs, however, add considerable weight
to the rebreather, hindering a fast escape from the hostile
environment. To cut down on weight counter lungs are
configured with small volumes, an example of which is
seen in US Patent 4,440,163 (Spergel), the disclosure
of which is incorporated herein by reference, thereby re-
ducing the amount of purified air than can be utilized fol-
lowing exhaustion of the O, stream.

[0007] There s thus a widely recognized need for, and
it would be highly advantageous to have, an emergency
escape breathing device devoid of the above limitations.
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SUMMARY OF THE INVENTION

[0008] The present invention successfully addresses
at least some of the shortcomings of the prior art with an
emergency escape breathing device having an O, reg-
ulator that is fully contained within the O, bottle, thereby
protecting the O, regulator from knocks and bangs during
storage or use, thereby substantially preventing malfunc-
tion.

[0009] Inadditional embodiments, the O, bottle is con-
tained in at least one housing that protects the O, bottle
against impact and/or heat buildup.

[0010] In addition, the present invention includes a
compact counter lung that assumes large volume in the
expanded configuration, allowing the counter lung to as-
sume a large inflated volume while conserving space and
weight both in the unexpanded and expanded configu-
rations.

[0011] According to one aspect of an embodiment of
the invention, there is provided an emergency escape
breathing device, comprising: an oxygen bottle config-
ured to contain compressed oxygen, an oxygen release
regulator that releases the compressed oxygen at a con-
stant rate during use of the emergency escape breathing
device, the oxygen release regulator being substantially
contained within the oxygen bottle.

[0012] In embodiments, the oxygen bottle comprises
a substantially monotonous configuration.

[0013] Inembodiments, the oxygen bottle is contained
within a protective housing.

[0014] In embodiments, the protective housing is con-
figured to protect the oxygen bottle against at least one
of: impact, and heat buildup.

[0015] In embodiments, the oxygen bottle is config-
ured to contain dry oxygen.

[0016] In embodiments, the oxygen release regulator
is configured to release the dry oxygen at the constant
rate.

[0017] In embodiments, the device includes a counter
lung comprising a chamber, the chamber in an unex-
panded configuration being enclosed by at least two sub-
stantially parallel walls and a perimeter connecting the
at least two substantially parallel walls, the perimeter in-
cluding at least one fold that substantially extends into
the chamber.

[0018] Inembodiments, when the chamber is in an ex-
panded configuration, the at least one fold substantially
unfolds and at least a portion of the two walls diverge. In
embodiments, the device includes forward and backpass
valves operatively associated with said counter lung.
[0019] In embodiments, the forward and backpass
valves promote a circular airflow within said device.
[0020] In embodiments, the regulator includes a de-
mand valve that releases a burst of oxygen in response
to light pressure.

[0021] In embodiments, the demand valve releases
the burst of oxygen at a faster rate than the release of
oxygen by the regulator.
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[0022] In embodiments, the demand valve releases
the oxygeninresponse to pressure from the counter lung.
[0023] According to another aspect of an embodiment
of the invention, there is provided an emergency escape
breathing device, comprising: a counter lung comprising
a chamber, the chamber in an unexpanded configuration
being enclosed by at least two substantially parallel walls
and a perimeter connecting the at least two substantially
parallel walls, the perimeter including at least one fold
that substantially extends into the chamber.

[0024] In embodiments, when the chamber isin an ex-
panded configuration, the at least one fold substantially
unfolds and at least a portion of the two walls diverge.
[0025] According to a still further aspect of an embod-
iment of the invention, there is provided an emergency
escape breathing device, comprising: an oxygen bottle
configured to contain compressed oxygen, an oxygen
release regulator configured to release the compressed
oxygen at a constant rate during use of the emergency
escape breathing device, the oxygen release regulator
being substantially contained within the oxygen bottle,
and a counter lung comprising a chamber, the chamber
in an unexpanded configuration being enclosed by at
least two substantially parallel walls and a perimeter con-
necting the at least two substantially parallel walls, the
perimeter including at least one fold that substantially
extends into the chamber.

[0026] Inembodiments, when the chamber isin an ex-
panded configuration, the at least one fold substantially
unfolds and at least a portion of the two walls diverge.
[0027] In embodiments, the oxygen bottle comprises
a substantially monotonous configuration.

[0028] Inembodiments, the oxygen bottle is contained
within a protective housing.

[0029] In embodiments, the protective housing is con-
figured to protect the oxygen bottle against at least one
of: impact, and heat buildup.

[0030] The present invention successfully addresses
the shortcomings of the presently known configurations
by providing an emergency escape breathing device hav-
ing a protected O, regulator, protected O, bottle and a
compact counter lung having a large inflation volume.
[0031] Unless otherwise defined, all technical and sci-
entificterms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to
which this invention belongs. Although methods and ma-
terials similar or equivalent to those described herein can
be used in the practice or testing of the present invention,
suitable methods and materials are described below. In
case of conflict, the patent specification, including defi-
nitions, will control. In addition, the materials, methods,
and examples are illustrative only and not intended to be
limiting.

[0032] As used herein, the terms "comprising" and "in-
cluding" or grammatical variants thereof are to be taken
as specifying the stated features, integers, steps or com-
ponents but do not preclude the addition of one or more
additional features, integers, steps, components or
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groups thereof. This term encompasses the terms "con-
sisting of" and "consisting essentially of".

[0033] The phrase "consisting essentially of" or gram-
matical variants thereof when used herein are to be taken
as specifying the stated features, integers, steps or com-
ponents but do not preclude the addition of one or more
additional features, integers, steps, components or
groups thereof but only if the additional features, integers,
steps, components or groups thereof do not materially
alter the basic and novel characteristics of the claimed
composition, device or method.

[0034] The term "method" refers to manners, means,
techniques and procedures for accomplishing a given
task including, but not limited to, those manners, means,
techniques and procedures either known to, or readily
developed from known manners, means, techniques and
procedures by practitioners of the engineering arts.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The invention is herein described, by way of
example only, with reference to the accompanying draw-
ings.

[0036] With specific reference now to the drawings in

detail, it is stressed that the particulars shown are by way
of example and for purposes of illustrative discussion of
the preferred embodiments of the presentinvention only,
and are presented in the cause of providing what is be-
lieved to be the most useful and readily understood de-
scription of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show
structural details of the invention in more detail than is
necessary for a fundamental understanding of the inven-
tion, the description taken with the drawings making ap-
parent to those skilled in the art how the several forms
of the invention may be embodied in practice.

[0037] Inthe drawings:

Figure 1 is a cross sectional view of an O, bottle
housing, according to embodiments of the invention;
Figure 2 is a cross sectional view of an O, bottle and
regulator, according to embodiments of the inven-
tion;

Figures 3-4 are a cross sectional view and plan view,
respectively, of a counter lung, according to embod-
iments of the invention; and

Figure 5 is a schematic drawing of an emergency
escape breathing device, according to embodiments
of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0038] The principles and operation of aan emergency
escape breathing device having a protected O, regulator
and a compact counter lung having a large inflation vol-
ume, according to the present invention, may be better
understood with reference to the drawings and accom-
panying descriptions.
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[0039] Before explaining at least one embodiment of
the invention in detail, it is to be understood that the in-
vention is not limited in its application to the details of
construction and the arrangement of the components set
forth in the following description or illustrated in the draw-
ings. The invention is capable of other embodiments or
of being practiced or carried out in various ways. Also, it
is to be understood that the phraseology and terminology
employed herein is for the purpose of description and
should not be regarded as limiting.

[0040] Referring now to the drawings;

Figure 1 shows a protective O, bottle housing 157 that
substantially surrounds an O, bottle 110, shown in Figure
2. O, bottle 110 has a reservoir containing compressed
dry O, and a regulator 153 that is submerged within, and
hence substantially protected by, O, bottle 110. Sub-
merged regulator 153 is substantially protected from
damage due to bangs and bumps for example during a
long regulator storage period, for example 10 to 15 years
noted above, or during use.

[0041] In alternative embodiments, O, bottle 110 is
configured to contain a reservoir of compressed liquid
O, and regulator 153 is configured to release com-
pressed liquid O, at a constant rate.

[0042] In embodiments, O, bottle 110 has a substan-
tially monotonous configuration; the term "substantially
monotonous" meaning herein, that the diameter of O,
bottle 110 comprises a cylinder having substantially the
same cross sectional diameter from at least mid cylinder
to regulator 153. In this manner O, bottle 110 has a sub-
stantially robust configuration that prevents damage from
impact.

[0043] Regulator 153, as noted above, releases a
stream of O, at a rate of about approximately 1.2 - 1.5
liters of O, per minute, although other rates of release
are contemplated as well.

[0044] Additionally, regulator 153 includes a demand
valve 125, comprising a post connected to a mechanism
(not shown), that functions to releases a rapid burst of
O, 168 from O, bottle 110 of approximately 80 liters of
O, per minute in addition to the constant release of O,
168 by regulator 153, noted above.

[0045] Figure 3 shows a counter lung 160 enclosing a
chamber 142 having a folded portion 134. Counter lung
160 is substantially compact and lightweight. While coun-
ter lung 160 is shown as having a substantially circular
perimeter, counter lung 160 optionally has other perim-
eter configurations, including triangular, square or other
polygon shapes.

[0046] Figure 4 shows counter lung 160 in an expand-
ed configuration as would be the case during use. Folded
portion 134 has unfolded to increase the size of counter
lung 160 to contain a volume of between 10 and 20 liters.
Alternatively, folded portion 134 has unfolded to increase
the size of counter lung 160 to contain a volume of be-
tween 5 and 10 liters. In further embodiments, folded
portion 134 has unfolded to increase the size of counter
lung 160 to contain a volume of 8.5 liters

10

15

20

25

30

35

40

45

50

55

[0047] Figure 5is a schematic drawing of an emergen-
cy escape breathing device 100, also referred to as a self
contained breathing apparatus (SCBA), comprising a
canister housing 120 containing a CO, adsorbing canis-
ter 121.

[0048] CO, adsorbing canister 121 has an air flow way
therethrough, the flow way containing a CO, adsorbent
material 170 adapted to adsorb CO, from expired air 122.
[0049] CO,laden exhaled air 122 passes forward from
amouthpiece 140 through canister 121, into counter lung
160. Within canister 121, CO, molecules, primarily in the
form of carbonic acid, are substantially adsorbed by ad-
sorbent material 170 comprising soda-lime granules in
an exothermic reaction yielding purified air 132.

[0050] As used herein:

"CO, adsorbing canister" refers to a canister having
a flow way therethrough and containing a CO, ad-
sorbent material;

"CO, adsorbent material" refers to any material that
substantially adsorbs CO,, including, but not limited
to soda lime;

"substantially adsorbs CO," refers to adsorption of
a substantial percentage of CO,, such that, by way
of example, if expired unpurified air volume 122 con-
tains 3% CO,, purified air volume 132 contains about
1% CO,; and

"purified air" refers to air 132 from which CO, has
been substantially adsorbed.

[0051] In embodiments, a compressed volume of O,
168 in O, bottle 110 is continually released during oper-
ation of emergency escape breathing device 100 through
regulator 153 as noted above. Regulator 153 typically
has a simple, lightweight and robust design and, as noted
above, is embedded in O, bottle 110. Regulator 153 as-
sumes an open position to begin the release of O, 168
and remains open throughout operation of emergency
escape breathing device 100.

[0052] In addition to protecting regulator 153, recess-
ing regulator into O, bottle 110 enables a short, direct
coupling between regulator 153 and O, bottle 110 that
is robust and substantially resistant to damage.

[0053] In embodiments, recessed regulator 153
serves as a lid that closes the opening to O, bottle 110.
The many configurations for connecting regulator 153 to
O, bottle 110 are well known to those familiar with the art.
[0054] Inembodiments, bottle housing 157 and/or can-
ister housing 120 protect O, bottle 110 from impact dam-
age should a user drop emergency escape breathing de-
vice 100 during use.

[0055] In some heated environments, for example in
a hot escape passage, an unprotected O, bottle 110 will
heat up and cause a burn should the user touch the O,
bottle 110. Bottle housing 157 and/or canister housing
120 protect O, bottle 110 so that the user is protected
from burns in a hot environment.

[0056] In embodiments, demand valve 125 responds
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to light pressure; such light pressure being supplied by
counter lung 160, for example when counter lung 160
has collapsed due to rapid breathing by the user and
rapid consumption of homogenous air 180 at arate great-
er than release of O, at approximately 1.2 - 1.5 liters of
O, per minute noted above.

[0057] The light pressure on demand valve 125 from
counter lung 160 activates a rapid burst of O, 168 from
O, bottle 110, at approximately 80 liters of 02 per minute,
noted above, to supply the user with homogenous air 180
enriched with O, in spite of having depleted the contents
of counter lung 160. In this manner, demand valve 125
provides additional safety so that the user will continually
have access to homogenous air 180 enriched with O,.
[0058] In embodiments, a substantial mixing 124 re-
sults in substantially homogenous air 180, purified of CO,
and enriched with O,.

[0059] Purified air 180 then returns to mouthpiece 140
by passing back from counter lung 160, enriched with O,
164, ensuring that the user continually receives a proper
amount of O, 164 in each inspiration. Enriched air 180
for inspiration passes back through mouthpiece via a re-
turn passage 112 that directs air 180 from counter lung
160 to mouthpiece 140.

[0060] In embodiments, as compressed O, 168 in O,
bottle 110 expands, O, bottle 110 cools. As enriched O,
180 flows in passage 112 along cooled O, bottle 110,
enriched air 180 loses heat associated with the user body
temperature and the above-noted exothermic chemical
reaction in adsorption canister 121, and becomes cooled
air 186. This arrangement, whereby hot air 180 becomes
cooled air 186 through contact with O, bottle 110, en-
sures that the user receives a supply of returning air 186
at a comfortable temperature, helping to prevent user
panic and shock noted above.

[0061] In embodiments, mouthpiece 140 includes a
back pass capillary valve 192 and a forward pass capil-
lary valve 194. As expired air 122 is expired forward from
mouthpiece 140 into canister 121, back pass capillary
valve 192 closes to prevent back passing air 186 from
passing through mouthpiece 140. Conversely, as cooled
air 186 is inspired through mouthpiece 140, forward pass
capillary valve 194 closes to prevent forward passing ex-
pired air 122 from passing through mouthpiece 140.
[0062] Further, the serial closures of back pass capil-
lary valve 192 and forward pass capillary valve 194 en-
sure that forward passing expired air 122 forms a circular
airflow emergency escape breathing device 100 that pro-
motes substantial enrichment of enriched air 180.
[0063] Additionally, the closure of back pass capillary
valve 192 additionally ensures that CO, adsorbent ma-
terial 170 contained in CO, adsorbing canister 121 does
not accidentally make it's way into the user inhalation
and harm the user.

[0064] Moreover, the light weight of emergency es-
cape breathing device 100 allows a user to rapidly escape
a hostile environment; the large capacity of counter lung
160 allows extended breathing while regulator 153 is pro-
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tected from damage.

[0065] It is expected that during the life of this patent
many relevant emergency escape breathing devices will
be developed and the scope of the term emergency es-
cape breathing device is intended to include all such new
technologies a priori.

[0066] As used herein the term "about" refers to = 10
%.

[0067] Additional objects, advantages, and novel fea-
tures of the present invention will become apparent to
one ordinarily skilled in the art upon examination of the
following examples, which are not intended to be limiting.
Additionally, each of the various embodiments and as-
pects of the present invention as delineated hereinabove
and as claimed in the claims section below finds exper-
imental support in the following examples.

[0068] Itis appreciated that certain features of the in-
vention, which are, for clarity, described in the context of
separate embodiments, may also be provided in combi-
nation in a single embodiment. Conversely, various fea-
tures of the invention, which are, for brevity, described
in the context of a single embodiment, may also be pro-
vided separately or in any suitable subcombination.
[0069] Although the invention has been described in
conjunction with specific embodiments thereof, it is evi-
dent that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly,
it is intended to embrace all such alternatives, modifica-
tions and variations that fall within the spirit and broad
scope of the appended claims. All publications, patents
and patent applications mentioned in this specification
are herein incorporated in their entirety by reference into
the specification, to the same extent as if each individual
publication, patent or patent application was specifically
and individually indicated to be incorporated herein by
reference. In addition, citation or identification of any ref-
erence in this application shall not be construed as an
admission that such reference is available as prior art to
the present invention.

Claims
1. Anemergency escape breathing device, comprising:

an oxygen bottle configured to contain com-
pressed oxygen;

an oxygen release regulator that releases said
compressed oxygen at a constant rate during
use of said emergency escape breathing device,
said oxygen release regulator being substantial-
ly contained within said oxygen bottle.

2. The device according to claim 1, wherein said oxy-
gen bottle comprises a substantially monotonous

configuration.

3. The device according to claim 1, wherein said oxy-
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gen bottle is contained within a protective housing.

The device according to claim 3, wherein said pro-
tective housing is configured to protect said oxygen
bottle against at least one of:

impact; and
heat buildup.

The device according to claim 1, wherein said oxy-
gen bottle is configured to contain dry oxygen.

The device according to claim 5, wherein said oxy-
gen release regulator is configured to release said
dry oxygen at said constant rate.

The device according to claim 1, including a counter
lung comprising a chamber, said chamber in an un-
expanded configuration being enclosed by at least
two substantially parallel walls and a perimeter con-
necting said at least two substantially parallel walls,
said perimeter including at least one fold that sub-
stantially extends into said chamber.

The device according to claim 7, wherein when said
chamber is in an expanded configuration, said at
least one fold substantially unfolds and at least a
portion of said two walls diverge.

The device according to claim 7, including forward
and backpass valves operatively associated with
said counter lung.

The device according to claim 9, wherein said for-
ward and backpass valves promote a circular airflow
within said device.

Anemergency escape breathing device, comprising:
a counter lung comprising a chamber, said chamber
in an unexpanded configuration being enclosed by
at least two substantially parallel walls and a perim-
eter connecting said at least two substantially paral-
lel walls, said perimeter including at least one fold
that substantially extends into said chamber.

The device according to claim 11, wherein when said
chamber is in an expanded configuration, said at
least one fold substantially unfolds and at least a
portion of said two walls diverge.

An emergency escape breathing device, comprising:

an oxygen bottle configured to contain com-
pressed oxygen;

an oxygen release regulator configured to re-
lease said compressed oxygen at a constant
rate during use of said emergency escape
breathing device, said oxygen release regulator
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14.

15.

16.

17.

being substantially contained within said oxygen
bottle; and

a counter lung comprising a chamber, said
chamber in an unexpanded configuration being
enclosed by at least two substantially parallel
walls and a perimeter connecting said at least
two substantially parallel walls, said perimeter
including at least one fold that substantially ex-
tends into said chamber.

The device according to claim 13, wherein when said
chamber is in an expanded configuration, said at
least one fold substantially unfolds and at least a
portion of said two walls diverge.

The device according to claim 13, wherein said ox-
ygen bottle comprises a substantially monotonous
configuration.

The device according to claim 13, wherein said ox-
ygen bottle is contained within a protective housing.

The device according to claim 16, wherein said pro-
tective housing is configured to protect said oxygen
bottle from at least one of:

impact; and
heat buildup.
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