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SUMMARY OF THE INVENTION BACKGROUND OF THE INVENTION
Accordingly, it is an object of the present in- vention to provide a
lightweight, compact and low This invention relates to a breathing
apparatus   5   cost breathing apparatus which is easy to handle. enabling
a person to function in water or irrespira-  Another object of the present
invention is to ble gases, the breathing apparatus suitable, in par-
provide a breathing apparatus which enables a ticular, for considerably
short-time diving in rela-  person to safely go under water to a depth of
not tively shallow water.                             more than 5 meters
for about 10 minutes without Conventionally, various kinds of breathing ap-
10  receiving any diving training or a great knowledge paratuses are used
for enabling people to breath in  of diving. environments in which it is
difficult to maintain    With these and other objects in view, the natural
respiration. A typical example of the con-  present invention provides a
breathing apparatus ventional breathing apparatus is a scuba, i.e. a self-
which comprises: a vessel member having a mouth contained under water
breathing apparatus which  15  piece and an internal influx chamber
communicat- has a regulator connected to an air cylinder gen-  ing with the
mouth piece, the vessel member hav- erally containing 12 to 14 liters of
high-pressure air  ing intake and outgo ports communicating with the
compressed to about 150 or 200 * 105 Pa (150 or   influx chamber;
communication means having op- 200 atmospheres). However, since the scuba
en-    posite ends connected respectively to the intake ables a person to
dive in a water depth, e.g., of  20  and outgo ports of the vessel member
in such a more than 30 meters and also to dive for an       manner that the
vessel member and the commu- amount of time, e.g., of more than 30 minutes,
it is  nication means define a circular passage for a dangerous for the
person to use the scuba without  respirable gas; oxygen-supplying means for
sup- knowing the diving medical science and the diving  plying the circular
passage with the respirable gas; physics. Moreover, since the scuba is as
heavy as  25  a pair of check valves, disposed respectively at the not less
than 20 kg, and also, is not easy to handle,  intake and outgo ports of the
vessel member, for the scuba users are required to receive special
limiting the flow of the respirable gas in the circular trainings in
advance of using it. For this reason, it  passage to a single direction so
that, when the has not been possible for many people to enjoy    person
exhales into the influx chamber through the scuba diving, and thus all that
has been readily  30  mouth piece, the respirable gas is introduced into
available to them is snorkeling.                  the communication means
through the outgo port Such a breathing apparatus is described in US-  and,
when the person inhales through the mouth A-3 252 458. This breathing
apparatus, having the  piece, the respirable gas in the communication
features of the preamble of claim 1, shows two    means is recycled into
the influx chamber through bags forming a vessel member in a circular pas-
35  the intake port; and an outlet port for discharging sage. These bags
are part of the circular passage  excess respirable gas out of the circular
passage. but do not contain an influx chamber. Breathing   The
communication means comprises: gas is therefore delivered into the bags and
not  inflatable means for receiving the respirable gas into the influx
chamber. In order to ensure function  when the person exhales the
respirable gas into of this kind of breathing apparatus various numbers  40
the circular passage, and for releasing the respir- of additional means
such  as communication        able gas to the influx chamber when the
person means, check valve means, oxygen-supplying       inhales through the
mouth piece; and carbon diox- means and carbon dioxide-removing means are
to   ide-removing means for removing carbon dioxide be placed in said
circular passage. An according  from the respirable gas passing through the
com- number of communication means between these  45  munication means.
parts is necessary, all together forming  a          The circular passage
should define a radially heavyweight and big-sized breathing apparatus.
inner circular space large enough to loosely re- Each of said means being
displaced over the entire  ceive the person's neck. It is preferred that
the length of said circular passage, some of them     oxygen-supplying
means comprises an oxygen being arranged on the diver's back, thereby caus-
50  cartridge containing a high-pressure respirable gas ing dead space
between the diver's mouth piece    and having an outer size considerably
smaller than and the means connected therewith containing a    the vessel
member. considerable amount of exhaled gas including dan-    The inflatable
means may comprise a pair of gerous carbon dioxide with a relatively long
resi-  cylindrical bellows-like flexible tubes longitudinally dence time.
The risks for the diver are accordingly  55  extensible and contractible.
The proximal ends of high.                                             the
flexible tubes are communicatively connected respectively to the intake and
outgo ports of the vessel member. The distal ends of the flexible 3    3
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tubes are communicatively connected to each oth-     FIG. 20 is a
fragmentary cross-sectional view of or through the carbon dioxide-removing
means.       a breathing apparatus in which the modified The flexible tubes
extend when the flexible tubes   form oxygen-supplying means in FIG. 17 is
em- receive the respirable gas exhaled by the person    ployed, showing a
state of the oxygen-supplying nto the circular passage, and they contract
when   5  means connected to a vessel member. the flexible tubes release
the respirable gas to the influx chamber.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS BRIEF DESCRIPTION OF THE
DRAWINGS 10      Referring now to the drawings, wherein like In the
drawings:                               reference characters designate
corresponding parts FIG. 1 is a plan view, partly in section, of a
throughout several views, and descriptions of the breathing apparatus
according to the present   corresponding parts are omitted once given.
invention;                                         FIGS. 1 and 2 illustrate
a breathing apparatus FIG. 2 is a front view, partly in section, of the
is  according to the present invention, in which refer- breathing apparatus
in FIG. 1;                  once numeral 20 designates a generally arcuate
FIG. 3 is a plan view of a modified form of the  and tubular vessel member
made of a hard plastic. breathing apparatus in FIG. 1;                  The
internal space of the vessel member 20 is FIG. 4 is a plan view, partly in
section, of an-  divided by a pair of inner walls in the form of other
modified form of the breathing apparatus   20  annular valve seats 22 and
24 into three longitudi- in FIG. 1;
nally aligned chambers, namely, an intake chamber FIG. 5 is a front view,
partly in section, of the  26, an influx chamber 28 and an outgo chamber
breathing apparatus in FIG. 4;                  30. That is, the influx
chamber 28 is interposed FIG. 6 is a plan view, partly in section, of an-
between the intake and outgo chambers 26 and 30, other embodiment of the
present invention;  25  and is in fluid communication with both the intake
FIG. 7 is a view taken along the line VII-VII in  and outgo chambers 26 and
30 through the central FIG. 6;
openings defined by the valve seats 22 and 24. FIG. 8 is a view taken along
the line VIII-VIII in  Intake and outgo check valves 32 and 34 are FIG. 6;
movably disposed respectively on the valve seats FIG. 9 is a view taken
along the line IX-IX in  30  22 and 24 for opening and closing the
respective FIG. 8;                                        central openings
of the valve seats 22 and 24. The FIG. 10 is a plan view, partly in
section, of a  intake check valve 32 is urged to the valve seat 22 further
embodiment of the present invention;   so that it is normally held in its
closed position, and FIG. 11 is a front view, partly in section, of a  is
brought to its opened position when the internal breathing apparatus in
FIG. 10;            35  pressure of the influx chamber 28 becomes lower
FIG. 12 is a perspective view of a sliding check  than that of the intake
chamber 26. On the other valve in FIG. 10;
hand, outgo check valve 34 is urged to the valve FIG. 13 is an
axial-sectional view of a modified  seat 24 so that it is normally held in
its closed form of a flexible tube in FIG. 1, showing the  position, and is
brought to its opened position when contracted most form of the modified
form flexi-  40  the intemal pressure of the influx chamber 28 be- ble
tube;                                       comes larger than that of the
outgo chamber 30. A FIG. 14 is an axial-sectional view of the flexible
substantially tubular mouth piece 36 is fixedly con- tube in FIG. 13,
showing an extended form of    nected at its proximal end to the concave
side of the same;                                       the vessel member's
outer face so that the internal FIG. 15 is an enlarged and fragmentary
axial-  45  passage 38 of the mouth piece 36 is in fluid sectional view of
the flexible tube in FIG. 14;  communication with the influx chamber 28.
The FIG. 16(a) is an axial-sectional view of a modi-  internal passage 38
of the mouth piece 36 is, fied form of a carbon dioxide-absorbing means
naturally, open to the distal end face of the mouth in FIG. 1;
piece 36. The reference numeral 40 denotes that FIG. 16(b) is a view taken
along the line b-b in  so  portion of the mouth piece 38 adapted to be held
FIG. 16(a);                                     between the teeth of a
person. FIG. 17 is a plan view of a modified form of an    As best shown in
FIG. 2, a substantially cubical oxygen-supplying means in FIG. 1;
regulator 42 is attached at its top face to the lower FIG. 18 is a front
view of the oxygen-supplying  outer face of the vessel member 20. This
regulator means in FIG. 17;                          55  42 has an inlet
port for oxygenous gas such as air, FIG. 19 is a perspective view of the
oxygen-   oxygen and oxygen-enriched air, which is in the supplying means
in FIG. 17; and                form of a threaded hole 44 open to the right
side face thereof. The threaded hole 44 is in commu- 4    5
EP 0 311 968 B1                   6 



nication with the influx chamber 28 of the vessel  normally held in its
closed position, and is brought member 20 through both an oxygen-leading
pas-    to its opened position when the internal pressure of sage 46 formed
in the regulator 42 and an inlet  the outgo chamber 30 becomes higher than
a opening 48 formed in the lower wall of the vessel  preset pressure. The
preset pressure is higher than member 20. A capsule-shaped oxygen cartridge
50   5   the external pressure of the breathing apparatus, which cooperates
with the regulator 42 to form    and is, preferably, from 1.1 to 1.6
kg/cm2. A pair of oxygen-supplying means, is threadedly engaged    flexible
tubes 64 and 66 are hermetically con- with the inner face of the threaded
hole 44. More  nected at their proximal ends respectively to the
specifically, the valved and threaded end of the  opposite ends of the
tubular vessel member 20. oxygen cartridge 50 is received and retained in
the  10  The distal ends of the flexible tubes 64 and 66 are threaded hole
44. That is, the threaded hole 44 is a  hermetically and releasably engaged
respectively kind of interface for linking the oxygen cartridge 50  with
the opposite ends of a plastic tubular container to the regulator 42.
Suitable means (not shown) for  68 which contains an absorbent 69 to absorb
car- opening the valved end of the cartridge 50, such as  bon dioxide. That
is to say, the tubular container 68 a pin extending coaxially with the
threaded hole 44,  is  and the absorbent 69 constitute carbon dioxide- is
disposed within the hole 44 so that, when the  removing means, and the
vessel member 20, the valved end of the cartridge 50 is screwed into the
flexible tubes 64 and 66 and tne absorbent con- hole 44, the pin pushes the
valve or sealing disk of  tainer 68 define a semi-closed circular passage
for the cartridge 50 inward, thereby opening the valve  a respirable gas
such as air, oxygen and oxygen- of the cartridge 50. A regulator valve (not
shown) is  20  enriched air. disposed within the oxygen-leading passage 46
in     Each of the flexible tubes 64 and 66 is of a order to regulate the
flow rate of oxygenous gas  bellows-like or corrugated pipe-like
configuration flowing from the cartridge 50 into the influx cham-  and is
made of a resilient substance such as natu- ber 28. This regulator valve is
one such that it is  ral rubber, synthetic resin and the like. These tubes
capable of regulating the flow rate to a prescribed   25  64 and 66 include
a number of substantially rigid level not more than 2 lit./min. The oxygen
con-   annular ridges arranged at longitudinal intervals. sumption of an
average person in normal condition  Consequently, the tubes 64 and 66 are
substan- is approximately 0.5 lit./min. at atmospheric pres-  tially
incapable of radially expanding and contract- sure. Reference numeral 52
designates a rotatable  ing but are longitudinally extensible and contrac-
lug operatively connected to the regulator valve. By   30  tible as well as
being transversely flexible. The manually turning the control lug 52, the
regulator  lengths and inner diameters of the flexible tubes 64 valve is
opened, and the flow rate of oxygenous   and 66 are such that the
difference between the gas to be supplied to the influx chamber 28 is
minimal volume of the flexible tubes 64 and 66 adjusted to the prescribed
level appropriate for a  (i.e., the volume of the flexible tubes 64 and 66
in user of this breathing apparatus. Also, reference   35  their
longitudinally contracted most forms) and the numeral 54 denotes a spare
oxygen cartridge de-   maximal volume of the tubes 64 and 66 (i.e., the
tachably fixed to the regulator 42. The valved end  volume of the tubes 64
and 66 in their longitudi- of the spare cartridge 54 is received and
retained  nally extended most forms) is larger than the vol- in a threaded
hole 56 which is formed in the left  ume of a normal inhalation or
exhalation by an side face of the regulator 42. In addition, by using   40
average person in the normal condition. More spe- the oxygen cartridges 50
and 54, each containing  cifically, the breathing apparatus for an adult 95
ml of oxygen compressed to 190 atmospheres     should have the differential
volume of about 1 to 3 and by adjusting the oxygen flow rate to a level
liters, while the breathing apparatus for a child between 1.5 and 1.7
liter/minute, it is possible for  should have the differential volume of
about 0.5 to an average person to breath for about 36 minutes  45  2 liter.
The material and configuration of the flexible at atmospheric pressure.
That is, under water pres-  tubes 64 and 66 are chosen so that the flexible
sure at a water depth of about 5 m, it may be     tubes do not cause the
user to feel any difficulty in possible for an average person to breath for
about  breathing. Furthermore, the diameter D (see FIG. 1) 20 minutes.
of the circular passage, that is, the inner diameter Referring further to
FIGS. 1 and 2, an outlet  50  of a circular piping (i.e., communication
means) port in the form of an opening 58 is formed through  constituted by
the flexible tubes 64 and 66 and the the lower wall, as viewed in FIG. 2,
of the vessel  like, when the tubes 64 and 66 are contracted, is member 20.
That portion of the vessel member 20   considerably larger than the
transverse outer size around the opening 58 is formed into another valve
of an average person's neck, and when the tubes seat 60, and an outlet
check valve 62 is movably  55  64 and 66 are extended, is smaller than the
shoul- disposed on the valve seat 60 for opening and     der length of an
average person. closing the outlet opening 58. This outlet check     The
carbon dioxide-absorbent 69 encased in valve 62 is urged to the valve seat
60 so that it is  the container 68 is composed of the mixture of 5    7
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particles or granules of LiOH, [err]   when the user tries to breathe in,
the outgo check KOH, NaOH and the like. Such an absorbent is, for  valve 34
is brought back to its closed position, and example, BARALYME manufactured
by Allied Heal-   instead, the intake check valve 32 is brought to its
thcare Products Inc. or SODASORB manufactured     opened position.
Therefore, the mixed gas in the W. R. Grace & Co. The absorbent container
68   5   flexible tubes 64 and 66 is introduced into the is sealed at its
opposite ends by waterproof filters  influx chamber 28 through the intake
chamber 26, in order to prevent both the escape of the granular  and is
inhaled by the user together with the ox- absorbent and the entry of water
and the like into  ygenous gas discharged from the cartridge 50. the
container 68. The amount of the absorbent     Upon this inhaling of the
mixed gas, the flexible encased in the container 68 is such that the absor-
l0  tubes 64 and 66 longitudinally contract to be ready bent can almost
completely remove the carbon     for the subsequent exhaling. Thereafter,
exhaling dioxide exhaled by the user of this apparatus dur-  and inhaling
can be alternately repeated in the ing his breathing of the oxygen
contained in the  same manner as described above. Accordingly, by two
oxygen cartridges 50 and 54. Since the ventila-  using this breathing
apparatus, it is possible for a tion resistance of the absorbent container
68   15  person to breath normally in water or irrespirable should be as
low as possible, the particle size,  gases. In particular, since this
breathing apparatus packing density and cross-sectional area of the   has
the oxygen supplying means which is not container-encased absorbent are
such that the ab-  employed in the usual respirator, it has the advan-
sorbent does not cause the user to feel any dif-  tage that it can be used
in an environment which iculty in breathing. In addition, when 100 g of  20
includes no oxygen. SODASORB is charged into the container 68 as an
Before the oxygenous gas in the cartridge 50 absorbent, it works for
approximately 33 minutes at  runs out, the user should come out of the
water or atmospheric pressure since 1 kg of SODASORB is   the irrespirable
gases to replace the cartridge 50 capable of absorbing about 230 liters of
carbon   with the spare cartridge 54. By using the spare dioxide, and an
average person exhales 0.7 to 1.5  25  cartridge 54, it is possible for the
user to go again liters of carbon dioxide per a minute. That is, in the
under the water or into the irrespirable gases. In water pressure at a
water depth of 5 m, 100 g of  addition, the amount of oxygenous gas
remaining SODASORB may work for approximately 20 min-       in a cartridge
50 or 54 can be easily known since utes.
the flow rate of the oxygenous gas discharged from The operation of the
breathing apparatus thus  30  the cartridge varies depending on the amount
of constructed will now be described.                the residual oxygenous
gas in the cartridge. Even if First, the oxygen cartridges 50 and 54 and
the  the oxygenous gas in both the cartridges 50 and absorbent 69 are
replaced with new ones, and the  54 runs out during the diving, the user
can safely breathing apparatus is put around the neck of the  come back
from the water at a depth of 5 m to the user. Then, the mouth piece 36 is
taken in the   35  water surface by breathing the oxygen remaining in
user's mouth, and the control valve is opened by  the circular passage.
turning the lug 52 in order for the person to begin   In this breathing
apparatus, since the exhala- to breath through the mouth piece 36. After
that,  tion breathed by the user is recycled through the the user may go
into water or irrespirable gases.  carbon dioxide-removing means 68 and 69,
the When the user breathes out, the outgo check  40  oxygen discharged from
the cartridge is efficiently valve 34 is brought to its opened position,
and   utilized. Therefore, despite the small size oxygen thereby the
mixture of the exhalation breathed by  cartridges 50 and 54, the breathing
apparatus en- the user and the oxygenous gas discharged from    ables a
user to function in water or irrespirable the cartridge 50, flows into the
outgo chamber 30  gases for a satisfying amount of time. Also, since
through the influx chamber 28. The mixed gas of  45  the amount of the
mixed gas discharged from the the exhalation and the oxygenous gas is
subse-    apparatus per unit time is considerably less than quently led
into the flexible tubes 64 and 66, there-  that discharged from a scuba,
the exhaust sound of by inflating and extending the tubes 64 and 66.  the
breathing apparatus is considerably lower than When the mixed gas passes
through the absorbent   that of the scuba. Furthermore, since the breathing
container 68, the carbon dioxide contained in the   so  apparatus according
to the present invention has a mixed gas is absorbed by the absorbent 69,
and    buoyancy, due to its structure, of more than 1 thereby the carbon
dioxide is removed from the    kg/[err](1[err]), it is possible to let the
apparatus mixed gas. When the volume of exhalation is large  float on the
water surface, and thus it is easy for enough to extend the flexible tubes
64 and 66 to  the user to swim with the apparatus around his their maximum
lengths, the outlet check valve 62 is  55  neck. That is, the apparatus has
the excellent ad- brought to its opened position, and thereby the   vantage
of enabling those who have not received excess gas in the circular passage
is discharged  diving training to enjoy safe and easy diving. outside from
the opening 58. On the other hand, 6    9                 EP 0311 968 B1
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As the oxygenous gas, pure oxygen, air or      inside undergo water or
atmospheric pressure. oxygen enriched nitrogen may be used. In addition
Therefore, when the user breathes through the to the mouth piece 36, a
fitting which covers the  mouth piece 36, the safeguard tubes 78 and 80
nose and mouth of a person may be attached to    longitudinally extend and
contract together with the the vessel member 20. Instead of the absorbent
5   flexible tubes 64 and 66, and thus do not hamper container 68 arranged
between the flexible tubes  the user's breathing. The through apertures 82
are 64 and 66, a container directly connected to the  arranged on the tubes
78 and 80 in an organized outgo chamber side of the vessel member 20 may
manner, and each of the through apertures 82 has be used in order to
reduce, upon the user's inhal-  a inner diameter of approximately 5 mm.
Since ing, the ventilation resistance of the circular pas-  l0  these
safeguard tubes 78 and 80 are employed to sage. Also, instead of the
oxygen-supplying means  mechanically protect the flexible tubes 64 and 66,
disposed on the vessel member 20, an oxygen-      it is preferred that the
tubes 78 and 80 are made of supplying means connected to that portion of
the  material having a higher mechanical strength than flexible tube 64 or
66 diametrically opposing to the  the material forming the flexible tubes
64 and 66. vessel member 20 may be employed. In place of  15  Needless to
say, the lengths of the safeguard tubes the threaded holes 44 and 56, holes
having annular  78 and 80 are long enough to maintain the space ridges on
their inner faces thereby being resiliently  within the circular piping for
receiving the user's engageable with the valved ends of the cartridges,
neck. Reference numeral 84 denotes an outlet may be employed. Furthermore,
suitable means for  check valve, disposed on a regulator 42, for dis-
fastening the apparatus to a person's body, such   20  charging excess air
outside. Reference numeral 86 as a strap and a band, may be employed. For
designates an auxiliary inlet port in the form of a example, straps or
bands should be attached at    threaded hole. This threaded hole 86 is in
fluid their ends to that portion of the apparatus adjacent  communication
with an oxygen-leading passage 46 to the absorbent container 68 so that it
is possible  in the regulator 42. Suitable means for alternatively to
loosely fasten the absorbent container 68 to the   25  connecting the
threaded holes 44 and 86 to the person's chest or shoulder with the straps
or     oxygen-leading passage 46, such as a diverter bands.
valve (not shown) is interposed between the thread- FIG. 3 illustrates a
modified form of the breath-  ed holes 44 and 86. This diverter valve is
oper- ing apparatus in FIG. 1, in which a pair of flexible  atively
connected to a control lug 52. Therefore, by plastic air bags 70 and 72 are
employed in place of  30  turning the lug 52, it is possible not only to
open the flexible tubes 64 and 66. More specifically, the  and close the
regulator valve but also to select one inflatable air bags 70 and 72 are
communicatively  of the cartridges 50 and 54 from which respiratory
connected respectively to the opposite ends of the  oxygen is discharged
into the influx chamber 28. tubular vessel member 20, and a pair of hard
FIGS. 6 to 9 show another embodiment of the plastic arcuate pipes 74 and 76
interconnect the   35  present invention. As best shown in FIGS. 6 and 7,
respective air bags 70 and 72 with the absorbent  an arcuate vessel member
88 has an influx cham- container 68. The air capacity of these air bags 70
ber 28. A pair of annular valve seats 90 and 92 are and 72 is generally
equal to that of the flexible  disposed respectively within the opposite
end por- tubes 64 and 66 in the foregoing embodiment.     tions of the
vessel member 88, and intake and Since the hard plastic pipes 74 and 76
maintain a   40  outgo check valves 32 and 34 are movably dis-
predetermined minimum space within the circular   posed on the valve seats
90 and 92 respectively. A piping (that is, the piping constituted of the
vessel  regulator 42 is connected to the convex side of the member 20, air
bags 70 and 72, plastic pipes 74   outer face of the vessel member 88 to
supply and 76 and the container 68), there is no possibility  oxygenous gas
in cartridges 50 and 54 into the of the piping choking the neck of the user
upon the   45  influx chamber 28. In this embodiment, no diverter user's
inhaling.                                  valve is disposed in the
oxygen-leading passage in FIGS. 4 and 5 illustrate another modified form
the regulator 42, and thus both the threaded holes of the breathing
apparatus shown in FIGS. 1 and 2,  44 and 86 are continuously in fluid
communication in which flexible tubes 64 and 66 are coaxially   with the
oxygen-leading passage. In the lower wall, covered with outer safeguard
tubes 78 and 80   50  as viewed in FIG. 7, of the vessel member 88,
respectively. Each of these safeguard tubes 78 and  there is formed a
purging port in the form of a 80 is of a bellows-like or corrugated
pipe-like con-  purging opening 94 which is in communication with
figuration, thus being longitudinally extensible and  a purging pipe 96
connected to the lower outer contractible as well as being transversely
flexible.  face of the vessel member 88. A purging check Each of the
safeguard tubes 78 and 80 has nu-  55  valve 98 is movably disposed on the
lower open merous through apertures 82 formed in its tube    end of the
purging pipe 96 to open and close the wall, allowing fluid such as water
and gases to pass  purging opening 94. That is, the purging check
therethrough to let the corresponding flexible tube  valve 98 is normally
held in its closed position, and 7    11                EP0311 968B1
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is brought to its opened position when the internal  notes an elongated
support member coaxially dis- pressure of the influx chamber 28 becomes
higher  posed in the cover member 110. This support than a preset pressure.
This preset pressure is   member 132 passes through the absorber plate
higher than the external pressure of the breathing  130 and is embedded at
its lower end in the apparatus, and is, preferably, from 1.1 to 1.6[err]
5   partition wall 114. A sliding rod 134 is slidably Pa (1.1 to 1.6
kg/[err]). Cofferdam walls 100 and   connected to the upper end of the
support member 102 are disposed on the lower inner face of the   132 for
axial movement. The upper end of the vessel member 88 in such a manner that
the        sliding rod 134 abuts against the lower face of the cofferdam
walls 100 and 102 substantially surround  end plate 126. Urging means in
the form of a coil the purging opening 94 and define a water receiver  10
spring 136 is interposed between the sliding rod section 104 within it. As
shown in FIG. 7, this water  134 and the support member 132 so as to urge
the receiver section 104 is adapted to gather water W  sliding rod 134
toward the end plate 126. Accord- accidentally coming into the influx
chamber 28   ingly, the end plate 126 is normally urged by the through a
mouth piece 36.                         coil spring 136 away from the
absorber plate 130, As best shown in FIGS. 8 and 9, a carbon   15  and
thereby, normally, the inflatable cover member dioxide-removing means or
mechanism 106 is in-    110 is axially extended to its substantially maxi-
terposed between the distal ends of the flexible  mum length. tubes 64 and
66. This mechanism 106 includes a       When the user exhales into the
influx chamber substantially cylindrical container 108 and a sub-  28, the
mixed gas of the exhalation and the ox- stantially cylindrical inflatable
cover member 110   20  ygenous gas from the cartridge 50 or 54 is intro-
coaxially connected to the open top end of the    duced into the flexible
tube 64. The mixed gas is container 108. On the bottom wall 112 at the
then led into the inflow chamber 116 through the closed end of the
container 108, there is disposed  inlet 120, and is diffused uniformly
throughout the a partition wall 114 dividing the internal space of  inflow
chamber 116 by means of the guide fins the container 108 into
semi-cylindrical inflow and   25  124. After that, the diffused mixed gas
goes into outflow chambers 116 and 118. The inflow cham-    inflatable
cover member 110 through the absorber ber 116 has an inlet 120 formed in
the cylindrical  plate 130, and subsequently is led into the outflow side
wall of the container 108 and detachably con-  chamber 118 through the
absorber plate 130. The nected to the flexible tube 64. In other words, the
mixed gas is then directed to the outlet 122 by the inflow chamber 116 is
in communication with the  30  guide fins 124, and introduced into the
flexible tube inside of the flexible tube 64 through the inlet 120.  66.
Accordingly, the flexible tubes 64 and 66 are While on the other hand, the
outflow chamber 118  inflated and thereby being extended by the mixed has
an outlet 122 formed in the side wall of the  gas. When the user try to
breathe in, the mixed container 108 and detachably connected to the     gas
in the flexible tubes 64 and 66 and the mecha- flexible tube 66. That is,
the outflow chamber 118   35  nism 106 is introduced into the influx
chamber 28, is in communication with the inside of the flexible  and is
inspired by the user together with the ox- tube 66 through the outlet 122.
A plurality of guide  ygenous gas from the cartridge. In this breathing
fins 124 are disposed on the bottom wall 112 at   apparatus, since the
mixed gas passes through the each of the chambers 116 and 118. These fins
124   absorber plate 130 after it is diffused uniformly extend in
directions substantially intersecting the   40  throughout the inflow
chamber 116, the carbon partition wall 114 in such a manner that the dis-
dioxide is efficiently removed from the mixed gas tance between any two
adjoining fins 124 is gradu-  in spite of the absorber plate 130 of a
considerably ally lengthened toward the partition wall 114.   thin
disc-like configuration. Therefore, the ventila- Referring to FIG. 8, the
inflatable cover mem-  tion resistance of the carbon dioxide-removing ber
110 has a cylindrical bellows-like side wall 125   45  means 106 is
maintained at a level considerably and an end plate 126 closing one of the
opposite  lower than that of the carbon dioxide-removing ends of the side
wall 125. Also, a ring-shaped cap  means of the foregoing embodiment, and
thereby 128 is coaxially fixed to the other end of the side  this breathing
apparatus enables a user to breath wall 125. This cap 128 has a disc-shaped
absorber  without difficulty. plate 130 made of a carbon dioxide absorbent
50     While diving using this breathing apparatus, coaxially fitting
therein. This cap 128 has a thread  water may accidentally enter the influx
chamber 28 formed on the outer peripheral face thereof, and is  through the
mouth piece 36. However, since such screwed into the open end of the
container 108. As  water is gathered within the receiver section 104, it a
result, the inflatable cover member 110 is her-  does not enter the
flexible tube 64, and the user metically engaged with the container 108 in
such a   55  while breathing, can easily sense the inflow of the manner
that the upper edge of the partition wall  water. Moreover, such water can
be easily dis- 114 is directly in contact with the lower face of the
charged outside through the purging opening 94 by absorber plate 130.
Reference numeral 132 de-     axially pressing and contracting the
inflatable cover 8    13                EP0311 968 B1
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member 110 so that the internal pressure of the   check valve 152 is
fixedly connected at its closed circular passage is increased to a level
higher than  right end to the inner face of the end wall 150 of the preset
pressure.                              the controller 146, and is slidably
and coaxially A further embodiment of the present invention  received in
the vessel member 140. This sliding is illustrated in FIGS. 10 to 12, in
which a tubular   5   check valve 152 is made of a substantially rigid
vessel member 140 has an open right end and a     material such as a metal
and a rigid synthetic closed left end. A mouth piece 36 is connected to
resin. As shown in FIG. 12, this sliding check valve the intermediate
portion of the vessel member 140,  152 has longer and shorter spaced
parallel fillets and a regulator 42 is connected to the lower outer  154
and 156 protruding from the open left end face of the vessel member 140. An
intake pipe 142  10  thereof into vessel member 140. The longer fillet is
integrally connected at its proximal end to the  154 is of such a length
that the longer fillet 154 left end portion of the vessel member 140 in
such  closes the proximal end of the purging pipe 96 a manner that the
intake pipe 142 projects from the  when the end wall 150 is in its extended
most outer face of the vessel member 140 parallel to the  position. While,
the shorter fillet 156 is of such a mouth piece 36. An outgo pipe 144 is
integrally  15  length that the shorter fillet 156 closes the proximal
connected at its proximal end to the right end    end of the outgo pipe 144
when the end wall 150 is portion of the vessel member 140 in such a man-
in its contracted most position and opens the same ner that the outgo pipe
144 projects from the outer  when the end wall 150 is in its extended most
face of the vessel member 140 parallel to the     position. The longer
fillet 154 has a purging ap- intake pipe 142. An intake check valve 32 is
mov-  20  erture 158 formed at such a position that the ap- ably disposed
in the intake pipe 142 so as to open  erture 158 coincides with the
proximal end of the and close the distal end of the intake pipe 142.
purging pipe 96 to open the same when the end That is to say, a
substantially U-shaped influx   wall 150 is brought to its contracted most
position. chamber 145 is defined by the vessel member 140      When the
user exhales, the purge controller and intake and outgo pipes 142 and 144.
The   25  146 is extended until the end wall 150 is brought to proximal end
of a flexible tube 64 is communica-  its extended most position, and
thereby the sliding tively connected to the distal end of the outgo pipe
check valve 152 is brought to the position shown 144, while the proximal
end of the flexible tube 66  by the solid line in FIG. 10 and opens the
proximal is communicatively connected to the distal end of  end of the
outgo pipe 144. Therefore, the mixed the intake pipe 142.
30  gas of the exhalation and the oxygenous gas from As best shown in FIG.
10, a purging pipe 96 is  the cartridge 50 or 54 is led into the flexible
tubes connected at its proximal end to that portion of the  64 and 66
through the outgo pipe 144, resulting in vessel member's outer face
diametrically opposing  the extension of the flexible tubes 64 and 66. On
to the outgo pipe 144. In this purging pipe 96, a  the other hand, when the
user tries to inhale, the purging check valve 98 is movably disposed to  35
purge controller 146 contracts until the end wall open and close the distal
end of the purging pipe  150 is brought to its contracted most position,
and 96. Furthermore, a substantially cylindrical purge  thereby the sliding
check valve 152 is brought to controller 146 is coaxially connected to the
open  the position shown by the phantom line in FIG. 10 right end of the
vessel member 140. This purge    and closes the proximal end of the outgo
pipe 144. controller 146 includes a substantially cylindrical  40
Therefore, the mixed gas from which carbon diox- bellows-like side wall 148
and an end wall 150   ide has been removed, is introduced into the influx
closing the right end of the cylindrical side wall  chamber 145 through the
intake pipe 142, and is 148. The side wall 148 is made of a resilient
inhaled by the user together with the oxygenous material such as a flexible
natural rubber and a  gas from the cartridge 50 or 54. This introduction
flexible synthetic resin, while the end wall 150 is  45  of the mixed gas
into the influx chamber 145, made of a substantially rigid material such as
a  naturally, results in the contraction of the flexible metal and a rigid
synthetic resin. In other words,  tubes 64 and 66. When water accidentally
enters this purge controller 146 is such that it is axially  the influx
chamber 145, the water can be dis- contracted and brings the end wall 150
to its con-  charged outside by operating the purge controller tracted most
position when the internal pressure of  so  146. That is, the end wall 150
of the purge control- the influx chamber 145 becomes lower than the     ler
146 is pressed to its contracted most position external pressure, and it is
axially extended and  so that the proximal end of the outgo pipe 144 is
brings the end wall 150 to its extended most posi-  closed, and the
proximal end of the purging pipe tion when the internal pressure of the
influx cham-  96 is opened. Then, the user breathes into the ber 145
becomes equal to or higher than the   55  influx chamber 145 so that the
internal pressure of external pressure. The purge controller 146 is also
the influx chamber 145 becomes higher than the contracted when the end wall
150 is manually      external pressure. As a result, the purging check
pressed inward. A substantially cylindrical sliding  valve 98 is brought to
its opened position, and 9    15                EP0311 968B1
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thereby the water in the influx chamber is dis-    contraction of the tube
160. More specifically, the charged through the purging aperture 158 and
the   tension spring 162 should have a spring constant purging pipe 96.
Accordingly, the absorbent 69 in  such that the spring 162 lessens the
difference the container 68 is prevented from being damaged   between the
internal pressures of the tube 160 and by the water, that is, the increase
of the ventilation   5   a person's mouth, which is required upon a per-
resistance of the absorbent container 68 and the   son's inhaling, to about
0 Pa (0[err]). decrease of the carbon dioxide-absorbing property     In
addition to the spring 162, another tension of the absorbent 69 are
avoided.                   spring may be employed in the flexible tube 160.
FIGS. 13 to 15 illustrate a modified form of the  That is, a helical
tension spring may be disposed flexible tube 64 or 66 shown in FIGS. 1, 2
and   io  on the plastic sleeve 164 in such a manner that the others. This
flexible tube 160 includes a plastic  spring is disposed along the groove
portions 168 of sleeve 164 and a helical tension spring 162 fitting  the
plastic sleeve 164. Instead of the tension spring in the plastic sleeve
164. The tension spring 162 is  162, a tension spring embedded in the
sleeve 164 in forcible contact with the inner face of the sleeve  may be
employed. 164 and expands the outer diameter of the sleeve   15  FIGS.
16(a) and 16(b) show a modified form of 164, resulting in a thread-like
helical ridge 166  the carbon dioxide-removing means in FIG. 1. This formed
on the outer face of the sleeve 164. That is,  removing means 172 includes
a pair of hollow the flexible tube 160 is of a corrugated pipe-like
cylindrical plastic container members 174 and 176 construction and is
longitudinally extensible and  hermetically engaged at their one open ends
co- contractible. As shown in FIG. 13, the flexible tube   20  axially with
each other, and a hollow cylindrical 160 is normally held in its contracted
most form of  absorbent cartridge or canister 178, made of a a free length
of [err] because of the tension spring  plastic, coaxially received in the
container mem- 162, and is extended as shown in FIG. 14 when it   bers 174
and 176. The container members 174 and undergoes an axial tensile load.
When the flexible  176 are connected to each other by means of outer tube
160 is in its contracted most form, any adjoin-  25  and inner
circumferential ridges 220 and 222 ing groove portions 168 of the sleeve
164 shown in  formed respectively on the one open ends of the FIG. 13 are
in contact with each other so that the  container members 174 and 176. The
cartridge 178 inner surface area to substantially contact the gas  is
retained in the container members 174 and 176 passing through the tube 160,
is restricted to the  by means of respective inner flange portions 180 area
of the inner surfaces of the groove portions   30  and 182 of the container
members 174 and 176, 168. That is, when the flexible tube 160 is not    the
inner flanges being circumferentially formed on used, it does not gather
much dust on its inner    and projecting radially inward from the other
open face, thus being sanitary. The helical tension spring  ends of the
container members. A hollow cylin- 162 has a plastic sheath 170 coated
thereon, for   drical water-absorbing member 184 is interposed preventing
the tension spring 162 from rusting.  35  between the absorbent cartridge
178 and the con- This tension spring 162 ensures a radial rigidity of
tainer members in such a manner that the water- the flexible tube 160, and
therefore the flexible tube  absorbing member 184 fits around the absorbent
160 has a mechanical strength which can resist a   cartridge 178. The
absorbent cartridge 178 also considerable external pressure. This flexible
tube  has a pair of inner flange portions 186 and 188 160 also has an
advantage in that the differential  40  projecting radially inward from the
opposite ends of volume between the tube 160 in an extended form    the
cartridge 178. These inner flanges 186 and 188 and the tube 160 in its
contracted most form is    define openings 190 and 192 at the opposite ends
considerably large because, when the tube 160 in   of the cartridge 178.
The openings 190 and 192 of an extended form of a length [err] is
contracted to   the cartridge 178 are covered respectively with a the tube
160 of the length [err], the minimum inner  45  pair of disk-shaped
water-absorbing filters 194 and diameter of the tube 160 is reduced from
[err].  196 which fit in the cartridge 178. An absorbent 69 With a
breathing apparatus such as shown in     capable of absorbing carbon
dioxide is filled within FIG. 1, in which the flexible tubes 64 and 66 are
an interior space defined by the inner surface of replaced by a pair of the
flexible tubes 160, a    the cartridge 178 and the filters 194 and 196. The
person can breath with less difficulty since, upon   50   water-absorbing
member 184 is made of a resin his exhaling, the weight or buoyancy of the
tubes  capable of absorbing water, while each of the wa- 160 assists the
tubes 160 in longitudinally extend-  ter-absorbing filters 194 and 196 is
made of a ing, and upon his inhaling, the tension springs 162  nonwoven
fabric with a water-absorbing resin ad- assists the tubes 160 in
longitudinally contracting.  sorbed thereon. From this point of view, it is
preferred that the  55  To employ the removing means 172, for exam- spring
constant of the tension spring 162 is such  ple, in the breathing apparatus
shown in FIG. 1, the that the spring 162 is not a great obstruction to the
container members 174 and 176 are coaxially con- extension of the tube 160
and is a help to the     nected respectively with the distal ends of the 10
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flexible tubes 64 and 66. Then, the absorbent car-  an amount of oxygenous
gas remaining in the tridge 178 with both the absorbent 69 and the
oxygen cartridges 50 and 54 is disposed on the water-absorbing member 184
is encased in the     upper face, as Viewed in FIG. 18, of the body 204.
container members 174 and 176. In the removing   This pressure gage 214
employs a Bourdon tube means 172, the carbon dioxide-absorbing power of   5
(not shown) communicatively connected to the oxy- the absorbent 69 is
maintained even if water ac-  gen-leading passage of the body 204. On a
dial cidentally comes into the container members, since  plate 216 of the
pressure gage 214, letters E and F the water-absorbing member 184 and the
filters   are printed, wherein letter E denotes that the car- 194 and 196
insulate the absorbent 69 from mois-  tridges 50 and 54 are empty or the
internal pres- ture or water. If the member 184 and the filters 194  10
sure of the cartridges 50 and 54 is a specific level and 196 absorb too
much water to allow the user to  such as [err]and so on, and letter F
easily breath, the absorbent cartridge 178 should  denotes that the
cartridges 50 and 54 are full of be replaced with a new one. This replacing
opera-  oxygen. A pointer 218 of the pressure gage 214 tion is very simple
since it can be accomplished  operatively connected to the Bourdon tube,
moves merely by disengaging and reengaging the con-  is  between letter E
and F as the internal pressure of tainer members 174 and 176.
the cartridges 50 and 54 varies, thus indicating a FIGS. 17 to 19
illustrate a modified form of the  residual amount of oxygenous gas in the
cartridges oxygen-supplying means or mechanism shown in     50 and 54.
FIGS. 1 and 2. Reference numeral 202 designates      To use the
oxygen-supplying mechanism 200 a regulator having substantially cubical
body 204.  20  described above, the mechanism 200 is connected This
regulator 202 includes a pair of cylindrical  to a breathing apparatus such
as the apparatus connectors 206 and 208 joined to the opposite side  shown
in FIG. 1 instead of the oxygen-supplying faces of the body 204 to
detachably connect a pair  means 42 and the like. More specifically, as
shown of oxygen cartridges 50 and 54 to the body 24.   in FIG. 20, an inlet
opening is formed in the convex More specifically, the threaded and valved
ends of  25  side of a vessel member 20 instead of the inlet the oxygen
cartridges 50 and 54 are threadedly   opening 48, and then, the discharging
pipe 210 is engaged with the connectors 206 and 208 respec-  fixedly
inserted into the inlet opening of the vessel tively. A discharging pipe
210 with a sound emitter  member 20. such as a whistle 212 is fixedly
connected to the   In operation of the breathing apparatus with the rear
face, i.e., the lower face, as viewed in FIG. 17,  30  mechanism 200, the
control lug 52 is turned until of the body 204. That is, the proximal end
of the  the whistle 212 begins to emit a sound, and then discharging pipe
210 is attached to the rear face of  the mouth piece 36 is taken in a
person's mouth in the body 204, and the whistle 212 is connected to  such a
manner that the pressure gage 214 faces the distal end of the discharging
pipe 210. The  the person's eyes. While the mouth piece is in his body 204
has an oxygen-leading passage (not  35  mouth and the whistle emits the
sound, the sound shown) formed therein, the passage communica-    is
transmitted to the labyrinths of the person via his tively connecting the
connectors 206 and 208 to  skull. Therefore, the person can easily sense
the the discharging pipe 210. Therefore, when oxygen-  sound without using
his external ears. In other ous gas is supplied through the passage to the
words, it is possible for the user of the apparatus to discharging pipe 210
and is discharged from the   40  be aware of the oxygenous gas running out
or of discharging pipe 210 through the whistle 212, the  the regulator 202
in trouble when the whistle stops whistle 212 emits a sound. It is
preferred that the  emitting the sound. Moreover, since the pressure
whistle 212 is such that it emits a sound when the  gage 214 face the
user's eyes, it is possible for the flow rate of oxygenous gas passing
through the   user to confirm an amount of oxygenous gas re- whistle 212 is
in the range of 0.5 lit./min. to 2.0  45  maining in the cartridges 50 and
54. lit./min. A regulator check valve (not shown) is disposed within each
of the connectors 206 and   Example 1 208 in order to regulate the flow
rate of oxygenous gas flowing from the cartridges 50 and 54 into the   A
test breathing apparatus equivalent to the discharging pipe 210. A
rotatable controlling lug 52  so  foregoing modified form shown in FIGS. 4
and 5 which is disposed on the lower face, as viewed in  was prepared. 170
g of BARALYME having a main FIG. 18, of the body 204 is operatively
connected  component of LiOH was filled within the absorbent to both the
check valves in the connecters 206 and  container 68, and 95 ml of a mixed
gas of oxygen 208 so that, by turning the control lug 52, the  and nitrogen
compressed to 190 atmospheres was check valves are opened, and the flow
rate of  55  charged into each of the cartridges 50 and 54. oxygenous gas
to be supplied to the discharging  Silicone rubber tubes having 50 mm
nominal diam- pipe 210 is adjusted to a prescribed value. Further,  eters
were used as flexible tubes 64 and 66, and a pressure gage 214 for
detecting and indicating  PVC tubes having 55 mm nominal diameters were 11
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used as outer safeguard tubes 78 and 80. The sum      While diving using
this breathing apparatus, of the maximum capacities of both the silicone
water was intentionally introduced into the influx rubber tubes was not
less than 3 liters and not   chamber 145. Then, the end wall 150 of the
purge more than 5 liters. As intake and outgo check     controller 146 was
pressed inward, and air was valves 32 and 34, mushroom-type valves having
20   5   exhaled into the influx chamber 145 through the mm diameters were
employed. The flow rate of the   mouth piece 36. The result was that the
water in mixed gas supplied to the influx chamber 28 was   the influx
chamber 145 was easily discharged from adjusted to 1.5 liter/min.
the purging pipe 96. The absorbent container 68 The breathing apparatus
mentioned above was    was also checked after the apparatus was taken out
communicatively connected at its mouth piece to a   io  of the water. The
result was that there was no spirometer to achieve a simulation test. More
spe-  inflow of the water into the container 68. cifically, carbon dioxide
including 4 to 5 % of air was supplied, by using the spirometer, to the
Example 3 breathing apparatus at a flow rate of 1 lit/min. for about 20
minutes. After that, the partial pressure of  15  A test breathing
apparatus such as the fore- the carbon dioxide in the gas remaining in the
going embodiment shown in FIGS. 10 and 11 was flexible tube 66 was measured
by using a [err]       prepared. In this apparatus, the flexible tube 64
and analyzer. The result was that the partial pressure of  66 were replaced
by flexible tubes, each being the carbon dioxide was less than
0.005.10[err] Pa     equivalent to the tube 160 in FIGS. 13 to 15. Each
(0.005 atmospheres). This result means that the   20  flexible tube 160 in
its contracted most form had breathing apparatus has a satisfying property
as a  respective outer and inner diameters of 55 mm and respirator. Also,
the same breathing apparatus was  43 mm and had a length of 250 mm. When
each used by an average person for respiration. The    flexible tube 160
was inflated with a gas at a gage result proved that an average person can
breath by  pressure of 0.15.10[err]Pa (15 cm[err]), the elonga- using the
apparatus for about 20 minutes at at-  25  tion rate of the tube was 300 %.
A coil tension mospheric pressure and for more than 10 minutes   spring of
a wire diameter from 0.9 mm to 1.2 mm at the water pressure in a water
depth of 5 m.     and of a spring constant from 0.5 kg/mm to 3.0 kg/mm was
used as the spring 162. A sleeve made Example 2
of a soft vinyl chloride resin was used as the 30  sleeve 164. The volume
of the tube 160 in its A test breathing apparatus equivalent to the
contracted most form was 900 cm3 (900 cc), while foregoing embodiment shown
in FIGS. 10 to 12      the volume of the tube 160 extended 300 % in was
prepared. The same absorbent of the same       length was 3900 cm3 (3900
cc). The dead space of quantity as the one in Example 1 was charged in
the circular piping, i.e. the volume of the tubular the container 68. The
same mixed gas of the same   35   member 140 was about 50 cm3 (50 cc).
condition as Example 1 was filled within each of      The apparatus
mentioned above was used for the cartridges 50 and 54. A silicone rubber
flexible  a person to breath in atmosphere while the flexible tube having
an inner diameter of 33 mm was used   tubes 160 were subjected to a tension
due to their as a purge controller 146, and a ABS resin tube    own
weights. Meanwhile, the differential pressure, having an outer diameter of
30 mm was used as a   40  that is, the difference between the internal
pres- sliding check valve 152. As intake and purging    sures of the tubes
160 and the person's mouth was check valves 32 and 98, mushroom-type valves
measured. The result was that the differential pres- having 20 mm diameters
were employed. The flow    sure, when the person inhaled, was approximately
rate of the mixed gas supplied to the influx cham-  0.05.10[err] Pa (5
cmH[err]) while the differential pres- ber 145 was adjusted to 1 liter/min.
45  sure, when the person exhaled, was about 0 Pa (0 The breathing
apparatus mentioned above was    cmH[err]0). connected to a spirometer in
the same manner as      In addition to the test mentioned above, the
Example 1, and carbon dioxide under the same      same apparatus was used
in a water under a gage condition as Example 1 was supplied to the breath-
pressure of 1.5.10[err] Pa (1.5 kg/cm2), which is a ing apparatus at a flow
rate of 1 lit/min. for about  50  pressure equivalent to the water pressure
at a 20 minutes. After that, the partial pressure of the  water depth of 15
m. While the apparatus was carbon dioxide in the gas remaining in the
flexible  being used, the flexible tubes 160 were subjected tube 66 was
measured by using a C0[err] analyzer.     to a tension, due to their own
buoyancies. Mean- The result was that the partial pressure of the   time,
the differential pressure was measured in the carbon dioxide was less than
0.005-10[err] Pa (0.005   55  same manner as the foregoing test. The result
was atmospheres). This result means that the breathing  that the
differential pressure upon the person's apparatus has a satisfying property
as a respirator.  inhaling was about 0.1 .10[err] Pa (10 cmH[err]0) while
the differential pressure upon his exhaling was 12    21                EP
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about 0 Pa (0 cmH[err]0).                              person to breath in
atmosphere. Meantime, the operational conditions of the pressure gage and
the Example 4                                          whistle were
checked. The result was that both the whistle and the pressure gage worked
well, thereby A test carbon dioxide-removing mechanism    5   confirming
the person of a residual amount of ox- equivalent to the mechanism 172 in
FIGS. 16(a)     ygenous gas in the oxygen cartridges. and 16(b) was
prepared. This mechanism included:      The test mechanism connected to the
breath- a plastic absorbent cartridge 178 of a 60 mm outer  ing apparatus
was also used in water, and was diameter and an 80 mm length; a pair of
filters 194  analyzed to find out if it is possible for the person and 196
of a 55 mm diameter and a 5 mm thick-  10  to sense the sound of the
whistle. The result was ness; and 170 g of HP SODASORB which is able
that the sound of whistle was transmitted very well to absorb carbon
dioxide at a partial pressure of  to the person's labyrinths via his skull,
which con- less than 0.01 - 1 05 Pa (0.01 ata) for 30 min.   firmed that
the user of this mechanism could sense The aforementioned mechanism 172 was
con-      the sound of the whistle in water. nected to a breathing
apparatus such as shown in  15 FIG. 1 instead of the mechanism  68, and the
Claims breathing apparatus was used for a person to breath in water at a
temperature of 28[err] C to 30 [err] C  1. Breathing apparatus enabling a
person to func- or in seawater at a temperature of 11 [err]C to 15 [err]C.
tion in irrespirable fluids, the breathing appara- Then, the mouth piece 36
was intentionally re-  20    tus comprising leased from the person's mouth
and was kept out          - a mouth piece (36) adapted to be taken of the
mouth for about 5 to 6 seconds. After the           in the mouth of the
person, apparatus was taken out of the water, the cartridge      -
communication means (64, 66) having 178 was taken out of the container
members 174             opposite ends connected respectively to and 176 and
then, the carbon dioxide absorbent 69   25     the mouth piece (36) in such
a manner was analyzed to find out if the absorbent 69 had           that a
circular passage for a respirable absorbed any moisture. The result was
that neither         gas is defined, moisture absorption of the absorbent
69 nor al-          - oxygen-supplying means (50) for sup- kaline water
exuded from the absorbent 69, was             plying the circular passage
with the re- detected.                                     30
spirable gas, - check valves (32, 34) disposed between Example 5
the mouth piece (36) and the respective communication means (64, 66) for
limit- A test oxygen-supplying mechanism equivalent           ing the flow
of the respirable gas in the to the mechanism 200 shown in FIGS. 17 to 19
35          circular passage to a single direction so was prepared. A
regulator check valve was em-              that, when the person exhales
the respir- ployed in each of the connectors 206 and 208, the          able
gas through the mouth piece (36) check valve being capable of reducing a
gage               the respirable gas is introduced into the pressure of a
gas between 190.105 Pa (190                  communication means (64) and
when the kg/cm[err]) and 5.10[err] Pa (5 kg/cm[err]) to a gage pres-  40
person inhales through the mouth piece sure of about 2-105 Pa (2
kg/cm[err]) and being                (36) the respirable gas in the commu-
capable of regulating the flow rate of a gas to a          nication means
(64, 66) is recycled into level between 1.5 lit/min. to 1.9 lit./min. A
pressure     the mouth piece (36), gage of a 30 mm outer diameter and a 5
mm                - an outlet port (58) for discharging excess thickness
was used as the pressure gage 214. This  45      respirable gas out of the
circular pas- pressure gage was of a rotating disc indication
sage, type of which angle of rotation is in the range of       - carbon
dioxide-removing means (68) for 10 [err]to 85[err]. Also, this pressure
gage was such that        removing carbon dioxide from the respir- the
pointer of the pressure gage indicated letter E        able gas passing
through the commu- on its dial plate when the pressure detected was  so
nication means, 5.105 Pa (5 kg/cm[err]). A whistle was used as the
characterized in that sound emitter 212, the whistle being capable of
- a vessel member (20) is provided adja- emitting a sound when the flow
rate of a gas               cently to the mouth piece (36) and being
passing therethrough was between 0.5 lit./min. to          connected to the
mouth piece (36), 2.0 lit./min.                                 55
- said vessel member (20) having an inter- The test oxygen-supplying
mechanism  de-                nal influx chamber (28) communicating scribed
above was connected to a breathing ap-             with the mouth piece
(36) and the oxy- paratus as shown in FIG. 20, arid was used for a
gen supplying means (50), 13    21                EP 0 311 968 B1
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about 0 Pa (0 cmH[err]0).                              person to breath in
atmosphere. Meantime, the operational conditions of the pressure gage and
the Example 4                                         whistle were checked.
The result was that both the whistle and the pressure gage worked well,
thereby A test carbon dioxide-removing mechanism    5   confirming the
person of a residual amount of ox- equivalent to the mechanism 172 in FIGS.
16(a)    ygenous gas in the oxygen cartridges. and 16(b) was prepared. This
mechanism included:      The test mechanism connected to the breath- a
plastic absorbent cartridge 178 of a 60 mm outer  ing apparatus was also
used in water, and was diameter and an 80 mm length; a pair of filters 194
analyzed to find out if it is possible for the person and 196 of a 55 mm
diameter and a 5 mm thick-  io  to sense the sound of the whistle. The
result was ness; and 170 g of HP SODASORB which is able      that the sound
of whistle was transmitted very well to absorb carbon dioxide at a partial
pressure of  to the person's labyrinths via his skull, which con- less than
0.01.10[err] Pa (0.01 ata) for 30 min.    firmed that the user of this
mechanism could sense The aforementioned mechanism 172 was con-      the
sound of the whistle in water. nected to a breathing apparatus such as
shown in  15 FIG. 1 instead of the mechanism  68, and the       Claims
breathing apparatus was used for a person to breath in water at a
temperature of 28[err]C to 30[err]C   1. Breathing apparatus enabling a
person to func- or in seawater at a temperature of 11 [err]C to 15[err]C.
tion in irrespirable fluids, the breathing appara- Then, the mouth piece 36
was intentionally re-  20    tus comprising leased from the person's mouth
and was kept out         - a mouth piece (36) adapted to be taken of the
mouth for about 5 to 6 seconds. After the           in the mouth of the
person, apparatus was taken out of the water, the cartridge      -
communication means (64, 66) having 178 was taken out of the container
members 174             opposite ends connected respectively to and 176 and
then, the carbon dioxide absorbent 69   25    the mouth piece (36) in such
a manner was analyzed to find out if the absorbent 69 had           that a
circular passage for a respirable absorbed any moisture. The result was
that neither         gas is defined, moisture absorption of the absorbent
69 nor al-         - oxygen-supplying means (50) for sup- kaline water
exuded from the absorbent 69, was             plying the circular passage
with the re- detected.                                     30
spirable gas, - check valves (32, 34) disposed between Example 5
the mouth piece (36) and the respective communication means (64, 66) for
limit- A test oxygen-supplying mechanism equivalent           ing the flow
of the respirable gas in the to the mechanism 200 shown in FIGS. 17 to 19
35           circular passage to a single direction so was prepared. A
regulator check valve was em-              that, when the person exhales
the respir- ployed in each of the connectors 206 and 208, the          able
gas through the mouth piece (36) check valve being capable of reducing a
gage               the respirable gas is introduced into the pressure of a
gas between 190-10[err] Pa (190                  communication means (64)
and when the kg/cm2) and 5-105 Pa (5 kg/cm2) to a gage pres-  40
person inhales through the mouth piece sure of about 2.10[err] Pa (2
kg/cm2) and being                (36) the respirable gas in the commu-
capable of regulating the flow rate of a gas to a          nication means
(64, 66) is recycled into level between 1.5 litimin. to 1.9 lit./min. A
pressure    the mouth piece (36), gage of a 30 mm outer diameter and a 5 mm
- an outlet port (58) for discharging excess thickness was used as the
pressure gage 214. This  45      respirable gas out of the circular pas-
pressure gage was of a rotating disc indication            sage, type of
which angle of rotation is in the range of       - carbon dioxide-removing
means (68) for 10 [err] to 85[err]. Also, this pressure gage was such that
removing carbon dioxide from the respir- the pointer of the pressure gage
indicated letter E        able gas passing through the commu- on its dial
plate when the pressure detected was  50       nication means, 5.10[err] Pa
(5 kg/cm[err]). A whistle was used as the        characterized in that
sound emitter 212, the whistle being capable of          - a vessel member
(20) is provided adja- emitting a sound when the flow rate of a gas
cently to the mouth piece (36) and being passing therethrough was between
0.5 lit./min. to          connected to the mouth piece (36), 2.0 lit./min.
55         - said vessel member (20) having an inter- The test
oxygen-supplying mechanism  de-                nal influx chamber (28)
communicating scribed above was connected to a breathing ap-
with the mouth piece (36) and the oxy- paratus as shown in FIG. 20, arid
was used for a           gen supplying means (50), 13    23
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- intake and outgo ports (26, 30) being          ends, the proximal ends of
the flexible tubes provided in the vessel member (20) at         being
communicatively connected respectively respective ends thereof and being
con-        to the intake (26) and outgo (30) ports of the nected  to
respective  communication         vessel member (20), distal ends of the
flexible means (66, 64),                       5       tubes being
communicatively connected to said intake and outgo ports (26, 30) be-
each other through the carbon dioxide-remov- ing separated by the influx
chamber (28)      ing means (68), the flexible tubes extending by the check
valves (32, 34) respectively,    when the flexible tubes receive the
respirable - said communication means (66, 64) be-          gas exhaled by
the person into the circular ing inflatable for receiving the respirable
10  passage, the flexible tubes contracting when gas upon the person
exhaling the respir-      the flexible tubes release the respirable gas
able gas into the circular passage, and       therein to the influx chamber
(28). for releasing the respirable gas to the influx chamber (28) upon the
person in-    7. A breathing apparatus according to Claim 6, haling through
the mouth piece (36).  15      further comprising a pair of outer safeguard
tubes coaxially encasing the flexible tubes re- 2. A breathing apparatus
according to Claim 1,         spectively, the outer safeguard tubes being
wherein the circular passage defines a radially    longitudinally
extensible and contractible to- inner circular space large enough to
loosely       gether with the flexible tubes, each of the receive the
person's neck.                 20      safeguard tubes having a plurality
of through apertures formed in the outer face thereof. 3. A breathing
apparatus according to Claim 2, wherein the oxygen-supplying means (50)
8  A breathing apparatus according to Claim 6, comprises: an oxygen
cartridge containing a        wherein the vessel member (20) further has a
high-pressure respirable gas, the oxygen car-  25  purging port in
communication with the influx tridge having an outer size considerably
small-    chamber (28), for allowing water accidentally er than the vessel
member (20); and a regula-      entering the influx chamber to go out of
the tor (42), communicatively interconnecting the      circular passage,
the purging port (58) includ- oxygen cartridge with one of both the vessel
ing a purging check valve (62) movably dis- member and  the  communication
means   30         posed therein for opening and closing the (64,66), for
regulating the flow rate of the re-   purging port, the purging check valve
being spirable gas which is to be supplied to the        normally held in
its closed position and being circular passage by the oxygen cartridge, the
brought to its opened position when the inter- oxygen cartridge being
detachably connected        nal pressure of the influx chamber becomes to
the regulator (42).                     35      higher than the external
pressure. 4  A breathing apparatus according to Claim 3,     9. A breathing
apparatus according to Claim 8, wherein the inflatable means (64,66)
comprises     further comprising a purge controller for op- a pair of
flexible air bags communicatively        erating the purging check valve
(62), the purge connected respectively to the intake (26) outgo   40
controller including: a substantially cylindrical (30) ports of the vessel
member (20), and          side wall axially extensible and contractible
wherein the carbon dioxide-removing means          and having proximal and
distal ends, the proxi- (68) is interposed between the flexible bags
mal end of the side wall being communica- and communicatively interconnects
the flexible     tively connected to the vessel member; and an bags.
45      end wall closing the distal end of the side wall thereby, as the
side wall extends and con- 5. A breathing apparatus according to Claim 4,
tracts, moving between its extended most posi- wherein the communication
means further            tion and its contracted most position, the side
comprises a pair of arcuate connecting tubes,      wall being normally
extended so that the end each communicatively interconnecting the car-  so
wall is held in its extended most position bon dioxide-removing means with
the corre-         whereby when the end wall is manually sponding flexible
bag.                             pressed toward its contracted most
position, the internal pressure of the influx chamber 6. A breathing
apparatus according to Claim 3,        increases to a level higher than the
external wherein the inflatable means (64,66) comprises   55  pressure,
resulting in the purging check valve a pair of cylindrical bellows-like
flexible tubes  being brought to its opened position. longitudinally
extensible and contractible, each of the flexible tubes having proximal and
distal 14    25                EP 0 311 968 B1                   26 10. A
breathing apparatus according to Claim 9,      like absorbing member made
of an absorbing 



wherein when the person inhales, the side wall    agent capable of
absorbing carbon dioxide, the of the purge controller is contracted until
the   absorbing member being interposed between end wall of the purge
controller is brought to   the air chamber and the internal space of the
its contracted most position, and wherein the   5  container member so that
the inflow and out outgo check valve (34) is operatively connect-   flow
chambers are in communication with the ed to the end wall of the purge
controller in     air chamber through the plate-like absorbing such a
manner that the outgo check valve (34)     member. is brought to its opened
position when the end wall of the purge controller is brought to its  l0
14. A breathing apparatus according to Claim 13, extended most position,
and the outgo check       wherein the container member further includes
valve (34) is brought to its closed position      a plurality of guide fins
disposed on the bottom when the end wall is brought to its contracted
wall thereof, the fins extending in directions most position.
substantially intersecting the partition wall of 15     the container
member in such a manner that 11. A breathing apparatus according to Claim
10,     the distance between any two adjoining fins is wherein the outgo
check valve (34) includes an    gradually lengthened toward the partition
wall. auxiliary purging check valve portion (62) for opening and closing
the purging port, the     15. A breathing apparatus according to Claim 14,
check valve portion being held in its closed   20  wherein the cover member
includes a cylin- position when the end wall of the purge con-      drical
bellows-like side wall with a closed end troller is in its extended most
position, the     and an open end, the open end of the side wall check
valve portion being brought to its          being connected to the open top
of the con- opened position when the end wall of the          tainer
member, the side wall of the cover purge controller is brought to its
contracted   25  member being axially extensible and contrac- most
position.                                   tibia and being normally
maintained in its ex- tended most configuration, whereby when the 12. A
breathing apparatus according to Claim 8,      side wall of the cover
member is manually wherein the purging port further includes a
contracted, the internal pressure of the circular purging opening disposed
on the vessel mem-  30   passage is increased to a level higher than the
ber (20) at a position confronting the mouth      external pressure,
resulting in the purging piece (36), and wherein the vessel member
check valve brought to its opened position. further has: an inner face
defining the influx chamber (28); and a cofferdam wall disposed   16. A
breathing apparatus according to Claim 1, on the inner face of the vessel
member so as  35  wherein the carbon dioxide-removing means to surround the
purging opening, the cofferdam    (68) comprises: a substantially tubular
con- wall defining therewithin a receiver section for  tainer member
communicatively connected to gathering water accidentally coming into the
the inflatable means; a carbon dioxide-absorb- influx chamber through the
mouth piece.           ing agent (69) received within the container 40
member, the absorbing agent being capable of 13. A breathing apparatus
according to Claim 12,     absorbing carbon dioxide; and water-absorbing
wherein the carbon dioxide-removing means         means, enclosing the
absorbing agent, for ab- (88) comprises: a container member including
sorbing water accidentally coming into the con- a bottom wall, a peripheral
wall, an open top     tainer member and for insulating the absorbing and a
partition wall, the partition wall being   45  agent from the water. formed
on the bottom wall in such a manner that the partition wall divides the
internal space  17. A breathing apparatus according to Claim 16, of the
container member into inflow and out-      wherein the carbon
dioxide-removing means flow chambers, the side wall having an inlet
(68) further comprises a substantially tubular and outlet communicating
with the inflow and   50  absorbent cartridge coaxially fitting in the con-
outflow chambers respectively, the inlet and an  tainer member, wherein the
water-absorbing outlet being communicatively connected to the     means
comprises: a water-absorbing material distal ends of the flexible tubes
respectively; a  interposed between the container member and cover member
defining therein an air chamber     the absorbent cartridge in such a
manner that and communicatively connected to the open   55   the material
peripherally encloses the absor- top of the container member so that the
inflow    bent cartridge; and a pair of water-absorbing chamber is in
communication with the outflow      filters covering the opposite open ends
of the chamber through the air chamber; and a plate-     absorbent
cartridge, and wherein the carbon 15    27                EP 0 311 968 B1
28 dioxide-absorbing agent is filled within the ab-       Gas in das
Verbindungsmittel (64) an 



sorbent cartridge.                                     dessen einem Ende
gelangt und wah- rend des Einatmens des einzuatmenden 18. A breathing
apparatus according to Claim 3,            Gases durch das Mundst~ck (36)
das wherein the regulator comprises a discharging   5      Gas aus dem
Verbindungsmittel (66) an port (48) through which the respirable gas from
dessen anderem Ende wieder zurUck in the oxygen cartridge (50) is supplied
to the           das MundstUck (36) gelangt, circular passage, and a sound
emitter dispos-        - eine Ausloffnung (58), durch die Ober- ed at the
discharging port, the sound emitter          schassiges einzuatmendes Gas
aus der emitting a sound when the flow rate of the   10        geschlossen
ringf6rmigen   FUhrung respirable gas passes through the discharging
(64,66) austritt, port is a level in a predetermined range.            -
ein Kohlendioxidfiltermittel (68) zum Aus- filtern von Kohlendioxid aus dem
ein- 19. A breathing apparatus according to Claim 18,           atembaren
Gas in dem Verbindungsmit- wherein the regulator further comprises an up-
is     tel (64,66), per face which faces the person's eyes when
dadurch gekennzeichnet, daB the mouth piece is taken in the person's
- ein Kesselteil (20) nahe dem MundstUck mouth, and a pressure gage,
disposed on the            (36) angeordnet und mit diesem verbun- upper
face thereof, for indicating an amount of        den ist, respirable gas
remaining in the oxygen car-  20      - das Kesselteil (20) eine innere
Einstrbm- tridge, the pressure gage communicatively              kammer
(28) aufweist, die mit dem connected to the oxygen cartridge.
MundstUck (36) und dem Sauerstoffzu- fUhrungsmittel (50) verbunden ist, 20.
A breathing apparatus according to Claim 6,          - Ein- und
AuslaBoffnungen (26,30) dem wherein each of the flexible tubes comprises a
25     Kesselteil (20) zugeordnet und an einan- sleeve member having a
thread-like helical             der abgekehrten Enden des Kesselteils ridge
formed on the outer face thereof, and a          (20) angeordnet sind und
mit je einem helical tension spring member fitting in the
Abschnitt (64 bzw.66) des Verbindungs- sleeve member in such a manner that
the                mittels (64,66) verbunden sind, spring member is
disposed along the helical  30      - Ein- und AuslaB6ffnungen (26,30) von
ridge of the sleeve member.                            der Einstromkammer
(28) durch jeweils eines der RUckschlagventile (32,34) ge- PatentansprUche
trennt sind, - der Durchmesser des Verbindungsmittels 1. Atemschutzgerit,
das einer Person den Auf-  35          (64,66) sowohl beim Einatmen des
einzu- enthalt in nichteinzuatmenden Fluiden ermog-           atmenden
Gases aus der geschlossen licht und aufweist:
ringf6rmigen FUhrung durch die innere - ein Mundstdck (36) zur EinfUhrung
in den           Einstr6mkammer (28) und das Mund- Mund der das Gernt
benutzenden Per-               stWck (36) als auch beim Ausatmen in die
son,                                 40            geschlossen ringformige
FUhrung kon- - ein Verbindungsmittel (64,66), dessen              stant
bleibt. Enden einander zugakehrt und mit dem Mundstack (36) derart
verbunden sind,     2. Atemschutzgerait nach Anspruch 1, bei dem daB eine
geschlossen ringformige FUh-         die ringfdrmig geschlossene FUhrung
bzw. das rung flr ein einzuatmendes Gas definiert  4s  Verbindungsmittel
(64,66) einen freien kreisfor- ist,
migen Bereich umschlieft, dessen GroBe die - ein SauerstoffzufUhrungsmittel
(5) zum        Aufnahme des Halses der das Gerat benutzen- EinfUhren des
einzuatmenden Gases in          den Person zwanglos gestattet. die
geschlossen ringf6rmige FUhrung, - RUckschlagventile (32,34) zwischen ei-
s0   &  Atemschutzgerlit nach Anspruch 2, bei dem nerseits dem Mundstack
(36) und ande-         das SauerstoffzufUhrungsmittel (50) enthalt:
rerseits jedem  der Enden des Verbin-         eine Sauerstoffpatrone mit
unter Hochdruck dungsmittels (64,66) zur Begrenzung des       gespeichertem
einzuatmendem Gas, wobei die Einstromens des einzuatmenden Gases
Aufenabmessung der Sauerstoffpatrone ange- in die geschlossen ringformige
FUhrung   55   messen kleiner als das Kesselteil (20) ist und in nur einer
Richtung derart, daB wah-        das Verbindungsmittel (64,66) zur
Steuerung rend des Ausatmens des einatembaren           der Str6mungsrate
des einzuatmenden Gases, Gases durch das Mundstack (36) das            das
durch die Sauerstoffpatrone in die ge- 16    *
I ~~~~~~~~~~~~~~~~~~~~~~~111111111111111111 111t111 111ul 29
EP 0 311 968 B1                    30   *        L   M   S I 



schlossen ringf6rmige FOhrung gelangt, wobel
Oberstromruckschlagventil (62) einschlieft, das die Sauerstoffpatrone
Iosbar der Steuereinrich-    verstellbar in der Offnung angeordnet ist, um
tung (42) zugeordnet ist.                          die Oberstromoffnung
freizugeben oder zu ver- schileBen, wobel welter das Oberstromventil 4.
Atemschutzgerat nach Anspruch 3, bei dem    5      normalerweise in der
SchlieRstellung sich bef- das im Durchmesser konstant bleibende Ver-
indet und in die Offnungsstellung gebracht bindungsmittel (64,66) von elnem
Paar flexibler   wird, wenn der Innendruck in der Einstrom- Luftkissen
gebildet wird, von denen jeweils ei-   kammer den Umgebungsdruck
Ubersteigt. nes mit der EinlaB6ffnung (26) bzw. der Aus- IaBoffnung (30)
des Kesselteils (20) verbunden   10  9. Atemschutzgerit nach Anspruch 8,
das welter ist, wobei das Kohlendioxidfiltermittel (68) zwi-  einschlielt:
eine OberstromrUckschlagsteue- schen flexiblen Teilkissen (64,66)
angeordnet     rung fOr die Betatigung des Oberstr6mrUck- und mit diesen
fluidfahrend verbunden ist.        schlagventils (62), die ihrerseits
einschliett: elne im wesentlichen zylindrische Seitenwand 5.
Atemschutzgerat nach Anspruch 4, bei dem   i5      in axialer Richtung
verlaufend und lingenver- das Verbindungsmittel (64,66) weiter ein Paar
inderlich mit einem naheren und einem ent- bogenf6rmiger Verbindungsrohre
einschlieBt,       fernteren Ende, von denen das nahere Ende von denen
jedes das Kohlendioxidfiltermittel       durch seine leitende Verbindung
mit dem Kes- mit dem jeweils einen der flexiblen Luftteilkis-  selteil
gekennzeichnet ist und das entferntere sen leitend verbindet.
20       Ende dadurch, daB es als aufere Endwand den von der Seitenwand
umschlossenen Zylin- 6. Atemschutzgerat nach Anspruch 3, bei dem
derraum  verschlieBt und entsprechend der das im Durchmesser konstant
bleibende Ver-         LAngenverinderung der Seitenwand zwischen
bindungsmittel (64,66) ein Paar zylindrische      einer dem naheren Ende
niheren oder ent- faltenbalgformige flexible Rohre einschlieft,  25
femteren Stellung verstellt wird, wobel die Zy- die lingenverinderlich sind
und von denen          linderseitenwand normalerweise eine LAnge jedes der
flexiblen Rohre ein naheres und ein      hat, daB sich die MuBere Endwand
in groft- entfernteres Ende hat, von denen die niheren       m6glicher
Entfernung vom naheren Ende bef- Enden durch ihre leitende Verbindung mit
der      indet und bei manueller VerkOrzung der zylin- EinlaB6ffnung (26)
bzw. AuslaBoffnung (30)  30    drischen Seitenwand durch Druck auf die du-
des Kesselteils (20), die entfernteren Enden       Bere Endwand gegen das
nihere Ende der der flexiblen Rohre durch ihre leitende Verbin-
Innendruck in der Einstromkammer auf einen dung durch das
Kohlendioxidfiltermittel (68)       Wert ansteigt, der Uber dam
Umgebungsdruck gekennzeichnet sind, wobei die flexiblen Rohre    liegt,
wodurch das Oberstramrrckschlagventil linger werden, wenn die das Gernt
benutzen-  35   veranlaBt wird, zu Bffnen. de Person beim Ausatmen
einatembares Gas in die geschlossen ringformige FUhrung ein-    10.
Atemschutzgerlt nach Anspruch 9, bei dam bringt und die flexiblen Rohre
k~rzer werden,     wahrend des Einatmens der das Gernt benut- wenn die
Person beim Einatmen einzuatmen-          zenden Person die zylindrische
Seitenwand des Gas aus der geschlossen ringf6rmigen   40      der
Oberstromsteuerung in dam MaBe verkUrzt GasfUhrung durch die Einstromkammer
(28)          ist, daB die auBere Endwand dam naheren entnimmt.
Ende in hochstm6glichem  Mage angenghert ist und bei dam das
AuslaBrUckschlagventil 7. AtemschutzgerAt nach Anspruch 6, das weiter
(34) der Einstromkammer (28) in Wirkverbin- ein Paar auBere
Sicherheitsrohre aufweist, die  45  dung steht mit der auBeren Endwand der
die flexiblen Rohre koaxial umgeben, wobei die     Oberstrnmsteuerung
derart, daB dasvorerwahn- auBeren Sicherheitsrohre entsprechend den
te AuslaBrfckschlagventil (34) in seine offene flexiblen Rohren
lingenverinderlich sind, wo-      Stellung gebracht ist, wenn sich die
Aufere bei welter jedes der Sicherheitsrohre gelocht      Endwand der
Oberstrdmsteuerung von deren iSt.                                      50
naherem  Ende in groftmoglichem  Abstand befindet und das
AuslaBrUckschlagventil (34) 8. AtemschutzgerAt nach Anspruch 6, bei dem
geschlossen ist, wenn sich die auBere End- das Kesselteil (20) ferner eine
in die Einstrom-  wand in groBtmoglichem MaSe dem naheren kammer (28)
mUndende Oberstr6m6ffnung              Enda der Oberstr6msteuerung
angendhert hat. aufweist, urn es zu armdglichen, daB ungewollt  55 in die
Einstr6mkammer gelangtes Wasser aus     11. Atemschutzgerat nach Anspruch
10, bei dem der gechlossen ringformigen FUhrung heraus-       das
AuslaBrdckschlagventil (34) elnen Pilotven- gelangt, wobei die
Oberstromoffnung (58) ein      tilteil (62) zum (5ffnen und SchileBen der
Ober- 17    i 
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111111 111111111111 strdmbffnung einschlleft, wobei der Pilotventil-  15.
Atemschutzgerat nach Anspruch 14, bei dem tell sich in seiner
SchlieBstellung befindet,       das Abdeckglied eine zylindrische
balgformige wenn die lu3ere Endwand der Oberstrdm-              Seitenwand
mit einem geschlossenen und ei- steuerung am weitesten von deren nlherem
nem offenen Ende einschlieBt, wobei das offs- Ende entfernt ist und sich in
seiner Offenstel-   5  ne Ende der Seitenwand mit der offenen Ober- lung
befindet, wenn die AuBere Endwand der          seite des Behalters
verbunden ist und die Sei- Oberstrdmsteuerung den geringsten Abstand
tenwand des Abdeckgliedes axial in zwei Rich- vom naheren Ende hat.
tungen langenveranderbar ist und normalerwei- se in seiner lIngsten
Erstreckung gehalten ist 12. Atemschutzgerat nach Anspruch 8, bei dem   10
und wobei bei manuell verkOrzter Seitenwand die Oberstr6m6ffnung ferner ein
Loch in der         der Abdeckplatte der Innendruck der geschlos- Wand des
Kesselteils (20) in einer Position         sen ringf6rmigen FUhrung auf
eine Hodhe an- einschlieBt, die dem  Mundsttck (36) gegen-         steigt,
die Ober dem externen Druck liegt, der Oberlisgt und bei dem das Kesselteil
ferner         vom ge6ffneten Oberdruckrackschlagventil her- autweist: eine
die Einstrdmkammsr (28) defi-  15    rUhrt. nierende Innenflache und sine
Fangdamm- wand auf der Innenflache des Kesselteils, die   16.
Atemschutzgerat nach Anspruch 1, bei dem die Oberstr6m6ffnung umgibt, wobei
die Fang-        das Kohlendioxidfiltermittel (68) aufweist: einen dammwand
als eine Aufnahmesektion zum               im wesentlichen rohrformigen
Behalter in Ver- <,   Auffangen von Wasser dient, das ungewollt  20
bindung mit dem  im Durchmesser konstant durch das Mundstack in die
Einstromkammsr           bleibenden Verbindungsmittel und einen Koh-
gelangt.                                           lendioxid absorbierenden
Wirkstoff (69) inner- halb des Behalters und schlieBlich sin wasser- 13.
Atemschutzgerlt nach Anspruch 12, bei dem          absorbierendes Mittel,
das den Wirkstoff zur das Kohlendioxidfiltermittsl (68) enthalt: einen   25
Absorption von Wasser, das ungewollt in den Behiliter mit einem Boden, eine
Umfangswand,        Behalter gelangt, einschlieBt und der Isolation eine
offene Oberseite und eine Trennwand,           des absorbierenden
Wirkstoffs gegen Wasser wobei die Trennwand dem Boden so zugeord-
dient. net ist, daB sie den Innenraum des Behalters in eine Zustromkammer
und eine Abstrom-   30  17. Atemschutzgerat nach Anspruch 16, bei dem
kammer unterteilt, wobei die Seitenwand einen       das
Kohlendioxidfiltermittel (68) fsrner ein- EinlaB zur Zustromkammer und
einen AuslaB          schliest eine im wesentlichen rohrf6rmige, koa- der
Abstromkammer aufweist, wobei EinlaB            xial im Behlter angeordnete
Absorberpatrone, und AuslaB leitend den beiden entfernteren          wobei
das Wasser absorbierende Mittel ent- Enden der flexiblen Rohre zugeordnet
sind,  35      halt: ein Wasser absorbierendes Material zwi- wobei ein
Abdeckglied sine Luftkammer defi-         schen dem Behalter und der
Absorberpatrone niert, die leitend mit der offenen Oberseite des    derart,
daB das Material die Absorberpatrone Behalters in Verbindung steht, so daB
die Zu-       umgibt sowie ein Paar Wasser absorbierende \Xd    strdmkammer
mit der Ausstromkammer Ober            Filter, die die einander
gegenOberliegenden of- die Luftkammer in Verbindung steht und wobei  4c
fenen Enden der Absorberpatrone bedecken, weiter ein plattenartiges
Absorptionsteil aus ei-   wobei der Kohlendioxid absorbierende Wirk- nem
Absorptionsmittel zur Absorption von Koh-       stoff in die
Absorberpatrone eingefOllt ist. lendioxid zwischen der Luftkammer und dsm
Innenraum des Behalters so angeordnet ist,      18. Atemschutzgerat nach
Anspruch 3, bei dem daB die Zustromkammer und die Abstrdmkam-   45      die
Steuereinrichtung femer enthlIt eine Aus- mer mit der Luftkammer durch das
plattenfor-       laB6ffnung (48), durch die einatembares Gas mige
Absorptionsteil verbunden sind.                aus der Sauerstoffpatrone
(5) in die geschlos- sen ringf6rmige FUhrung gelangt und einen 14.
Atemschutzgerat nach Anspruch 13, bei dem          dieser Offnung
zugeordneten Geber fUr sin der Behilter weiter eine Mehrzahl von Leitfll-
5o  akustisches Signal, der optische Signale dann chen auf seinem  Boden
einschlieBt, die im         liefert, wenn die Stromungsrate, mit der ein-
wesentlichen derart verlaufen, daB sie die          atembares Gas durch
die AuslaB6pffnung Trennwand des Behalters in der Weise schnei-
str6mt, einen vorbestimmten Wert erreicht. den, daB der Abstand zwischen
zwei aufeinan- derfolgenden LeifflAchen in der Richtung auf  55  19.
Atemschutzgerat nach Anspruch 18, bei dem die Trennwand gr6Ber wird.
weiter die Steuereinrichtung eine obere Flache aufweist, die den Augen
einer das Gerat be- nutzenden Person dann gogenOber liegt, wenn 18    
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DI diese das Mundstick in den Mund eingef~hrt            - des orifices
d'entrde et de sortie (26, 30) hat und bei der welter auf dieser Flache
eine           etant prevus dans la pitce de recipient
Druckanzeigevorrichtung angeordnet ist, die             (20) a ses
extr6mit6s respectives et 6tant mit der Sauerstoffpatrone in leitender
Verbin-          raccordes aux moyens de communica- /..    dung steht, um
eine Angabe Uber das in der   5          tion respectifs (66, 64); Patrone
befindliche einatembare Gas anzuzoi-         - lesdits orifices d'entree et
de sortie (26, gen.                                                    30)
etant s~pards par la chambre d'6cou- lement (28) par les clapets
anti-retour 20. Atemschutzgerat nach Anspruch 6, bei dem
(32, 34) respectifs; et jedes der flexiblen Rohre eine H~lse enthalt,  io
- lesdits moyens de communication (66, auf deren AuBenseite ein
Schraubengewinde               64) pouvant 8tre gonfles pour recevoir le
sich befindet, das eine Wickelfeder aufnimmt,           gaz respirable lors
de l'expiration du gaz deren i-ange der Lange der HUlse mit Schrau-
respirable par la personne dans le passa- bengewinde entspricht.
ge circulaire et pour liberer le gaz respi- 15          rable vers la
chambre d'ecoulement (28) Revendicatlons
lors de l'inhalation par la personne via l'embout (36). 1. Appareil
respiratoire permettant a une person- ne d'evoluer dans des fluides
irrespirables, ap-  2. Appareil respiratoire selon la revendication 1,
pareil comprenant:                         20      dans loquel le passage
circulaire defini un es- - un embout (36) prevu pour s'adapter
pace circulaire radialement vers l'int6rieur as- dans la bouche de la
personne;                sez grand pour loger, de fagon libre, le cou - des
moyens de communication (64, 66)           d'une personne. poss6dant des
extremites opposees res- pectivement raccord6es a l'embout (36)  25  3.
Appareil respiratoire selon la revendication 2, de tolle fagon qu'un
passage circulaire       dans lequel le moyen d'alimentation en oxygb- pour
un gaz respirable soit defini;           ne (50) comprend une cartouche
d'oxygbne - un moyen d'alimentation en oxygbne (50)        contenant un gaz
respirable sous haute pres- pour fournir un gaz respirable dans le
sion, la cartouche d'oxygbne pr6sentant une passage circulaire;
30      taille externe bien plus petite que la pibce de - des clapets
anti-retour (32, 34) places        r6cipient (20) et un r6gulateur (42)
raccordant entre l'embout (36) et les moyens de          a communication la
cartouche d'oxygbne avec communication respectifs (64, 66) pour        un
element parmi, a la fois, la pibce de r~ci- limiter le ddbit du gaz
respirable dans le    pient et les moyens de communication (64, 66) passage
circulaire a une seule direction   35  afin de reguler le debit du gaz
respirable de- de fagon a ce que, lorsque la personne        vant 8tre
fourni au passage circulaire par la expire le gaz respirable par Permbout
cartouche d'oxygbne, la cartouche d'oxygbne (36), le gaz respirable soit
introduit dans   etant raccordee, de fagon amovible, au regula- le moyen de
communication (64) et lors-       tour (42). que la personne inspire par
l'embout  40 (36), le gaz respirable dans les moyens    4. Appareil
respiratoire selon la revendication 3, de communication (64, 66) soit
recycle        dans lequel les moyens gonflables (64, 66) dans l'embout
(36);                           comprennent une paire de ballons flexibles
- un orifice de sortie (58) pour decharger       respectivement raccordds a
communication le gaz respirable en excbs hors du pas-  45   aux orifices
d'entree (26) et de sortie (30) de la sage circulaire;
piace de recipient (20) et dans lequel le - un moyen d'elimination du
dioxyde de           moyen d'elimination du dioxyde de carbone carbone (68)
pour enlever le dioxyde de       (68) est place entre les ballons flexibles
et carbone du gaz respirable traversant le       raccorde a communication
les ballons flexi- moyen de communication;               50      bles.
appareil caracterise en ce quo: - une pibce de recipient (20) est prevue
5. Appareil respiratoire selon la revendication 4, adjacente a l'embout
(36) et est raccor-      dans lequel le moyen de communication corn- dee &
l'embout (36);                          prend, de plus, une paire de tubes
arques de - ladite pibce de recipient (20) possedant  6s   raccordement,
raccordant chacun a communi- une chambre interne d'ecoulement (28)
cation le moyen d'elimination du dioxyde de communiquant avec l'embout (36)
et le         carbone au ballon flexible correspondant. moyen
d'alimentation en oxygbne (50);    35                 EP 0 311 968 B1
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6. Apparoil respiratoire selon la revendication 3,     plus contracteo, la
paroi laterale etant normale- dans loquol les moyens gonflables (64, 66)
ment etendue de fagon a ce quo la paroi comprennent une paire de tubes
flexibles on        d'extrdmite soit maintenue dans sa position la formo de
soufflets cylindriques pouvant s'etirer   plus etendue; lorsque la paroi
d'extremite est et so contractor longitudinalement, chacun des   6
manuellement presseo vers sa position la plus tubes flexibles possedant des
extremites proxi-    contractde, la pression interne dans la cham- male et
distale, les extremites proximales des     bro d'ecoulement augmente ainsi
a un niveau tubes flexibles communiquant respectivement        superieur a
la pression externo, entratnant un avoc les orifices d'entreo (26) et de
sortie (30)  passage du clapet anti-retour de purge sur sa de la pibce de
rdcipient (20), les extremites  to  position ouverte. distales des tubes
flexibles communiquant l'une avec l'autre via le moyen d'elimination du
10. Appareil respiratoire selon la revendication 9, dioxyde de carbone
(68), les tubes flexibles       dans loquel lorsque la personne inspire, la
s'etondant lorsqu'ils reooivent le gaz respirable  paroi latdrale de la
commando de purge so expire par la personne dans le passage cir-  t5
contracto jusqu'a co quo la paroi d'extremite culaire et les tubes
flexibles se contractant      de la commande de purge soit ameneo sur sa
lorsqu'ils liberent le gaz respirable vers la      position la plus
contractde, ot dans lequol le chambre d'ecoulement (28).
clapet anti-retour de sortie (34) est fonctionnel- loment raccorde a la
paroi d'extremite de la 7. Appareil respiratoire selon la revendication 6,
20    commando de purge de telle fagon quo le comprenant, de plus, une
paire de tubes exter-     clapet anti-retour de sortie (34) soit place sur
nes de securite logeant, de fagon coaxiale, les    sa position ouverte
lorsque la paroi d'extrdmitd tubes flexibles respectifs, les tubes externes
de la commando de purge ost ameneo sur sa de securite etant extensibles et
contractiles      position la plus dtondue et quo le clapet anti-
longitudinalement en conjonction avec les tu-  25  retour de sortie (34)
soit place sur sa position bes flexibles, chacun des tubes de sdcuritd
fermee lorsque la paroi d'extremitd est ame- possedant une pluralite
d'ouvertures traversan-    neo sur sa position la plus contractee. tes
formeos dans sa face externe. 11. Appareil respiratoire selon la
revendication 10, &  Appareil respiratoire selon la revendication 6,  30
dans lequel le clapet anti-rotour de sortie (34) dans loquel la pikce de
recipient (20) com-        comprend une partle auxiliaire de clapst anti-
prend, de plus, un orifice de purge en commu-      retour de purge (62)
pour ouvrir et former nication avec la chambre d'dcoulement (28)
l'orifice de purge, la partie de clapet anti-retour pour permettre une
expulsion du passage cir-       etant maintenue sur sa position fermde
lorsque culaire de l'eau entrant par inadvertance dans   35  la paroi
d'extrdmite de la commande de purge la chambre d'ecoulement, l'orifice de
purge        est dans sa position la plus etendue, la partie (58)
compronant un clapet anti-retour de purge     de clapet anti-retour etant
placee sur sa posi- (62) monte mobile pour ouvrir et former l'orifi-   tion
ouverte lorsque la paroi d'extrdmite de la co de purge, le clapet
anti-retour de purge        commando de purge est amenee sur sa posi- etant
normalement maintenu dans sa position   40   tion la plus contractee.
fermee et etant amend sur sa position ouverte lorsque la pression interne
de la chambre       12. Appareil respiratoire selon la revendication 8,
d'dcoulement devient superioure a la pression      dans loquel l'orifice de
purge comprend de externe.                                           plus
une ouverture de purge placeo sur la 45      pikce de rdcipient (20) sur
une position face a 9. Appareil respiratoire selon la revendication 8,
l'embout (36) et dans lequel la pikce de reci- comprenant, de plus, une
commando de purge         pient comprond, de plus, une face interne defi-
pour actionner le clapet anti-retour de purge      nissant la chambre
d'dcoulement (28) et une (62), commande de purge comprenant une pa-
paroi de batardeau placde sur la face interne roi laterale pratiquement
cylindrique pouvant  5o  de la pikce de recipient de fagon & entourer
s'etirer et se contracter axialement et possed-    l'ouverture de purge, la
paroi de batardeau dant des extrdmitds proximale at distale, I'ex-
definissant une section de reception pour col- trdmitd proximale de la
paroi laterale communi-    lector l'eau entrant par inadvertance dans la
quant avec la pikce de recipient et une paroi      chambre d'ecoulement par
l'embout. d'extremitd fermant l'extremite distale de la  58 paroi latdrale
lors de son extension et de sa   13. Appareil rsspiratoire selon la
revendication 12, contraction, paroi d'extremite se ddplagant en-    dans
lequel le moyen d'elimination du dioxyde tre sa position la plus etenduo et
sa position la  de carbone (68) comprend une pikce de reci- 20    37
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pient comprenant une parol de fond, une parol     avec le moyen gonflable;
un agent d'absorp- peripherique, un sommet ouvert et une parol      tion du
dioxyde de carbone (69) loge dans la de separation, la paroi de separation
etant for-  pikce de recipient et pouvant absorber le meo sur la paroi de
fond de telle fagon quo,      dioxyde de carbone; et un moyen d'absorption
lorsque la paroi de separation divise I'espace   5  de I'eau enfermant
l'agent d'absorption, pour interne de la piace de recipient en chambres
I'absorption de l'eau entrant par inadvertance d'entrde et de sortie, la
paroi laterale posse-   dans la pikce de recipient et pour isoler l'agent
dant une entroe et une sortie communiquant        d'absorption de l'eau.
respectivernent avec les chambres d'entree et de sortie, l'entrde et une
sortie communiquant  10  17. Appareil respiratoire selon la revendication
16, avec les extrdmitds distales des tubes flexibles  dans lequel le moyen
d'elimination du dioxyde respectifs; une pikce de couvercle ddfinissant
de carbone (68) comprend, de plus, une car- une chambre pneumatique ot
communiquant          touche  d'absorption  globalement tubulaire avec le
sommet ouvert de la pikce de recipient    s'adaptant, de fagon coaxiale,
dans la pikce de de fagon a co que la chambre d'ontrde soit en   15
recipient et dans lequel le moyen d'absorption communication avec la
chambre de sortie via       de l'eau comprend un matdriau hydrophile pla-
la chambre pneumatique; et une pikce d'ab-        ce entre la pikce de
recipient et la cartouche sorption on forme de plaque constitueo d'un
d'absorption de telle fagon que le matdriau agent absorbant pouvant
absorber le dioxyde       entoure la pdriphErie de la cartouche d'absorp-
de carbone, la pibce d'absorption etant placee   20  tion et une paire de
filtres hydrophiles couvrant entre la chambre pneumatique et l'espace in-
les extrdmitds ouvertes opposees de la cartou- terne de la pibce de
recipient de fagon a co      che d'absorption et dans lequel l'agent d'ab-
que les chambres d'entrde et de sortie soient     sorption du dioxyde de
carbone remplit la car- on communication avec la chambre pneumati-
touche d'absorption. quo via la pibce d'absorption en forme de   25 plaque.
18. Appareil respiratoiro selon la revendication 3, dans loquel le
rdgulateur comprond un orifice 14. Appareil respiratoire selon la
revendication 13,  de decharge (48) a travers lequel le gaz respi- dans
loquel la pikce de rdcipient comprend, de    rable de la cartouche
d'oxygbne (50) est fourni plus, une pluralite d'ailettes de guidage pla-
30  au passage circulaire et un Emetteur sonore cees sur sa paroi de fond,
les ailettes s'eten-   place sur I'orifice de decharge, l'emetteur so- dant
dans des directions coupant pratiquement     nore emettant un son lorsque
le debit du gaz la paroi de separation de la pikce de recipient
respirable traversant l'orifice de decharge de telle fagon que la distance
sdparant deux      prend une valour comprise dans un intervalle quelconques
ailettes attenantes soit progressi-  35  preddtermine. vement rdduite vers
la paroi de sdparation. 19. Appareil respiratoire selon la revendication
18, 15. Appareil respiratoiro selon la revendication 14,  dans loquel le
rdgulateur comprend, de plus, dans lequel la piece de couvercle comprend
une face superieure en regard des youx d'une une parol laterale en forme de
soufflet cylindri-  40  personne lorsque l'embout est pris dans la que
munie d'une extrdmit6 fermee et d'une         bouche de la personne et un
manombtre place extrdmitd ouverte, I'extrdmite ouverte de la pa-  sur sa
face supdrieure pour indiquer la quantite roi laterale etant raccordde au
sommet ouvert     de gaz respirable restant dans la cartouche de la pibce
de recipient, la paroi laterale de la  d'oxygbne, le manombtre communiquant
avec pikce de couvercle pouvant s'6tendre ot so   45   la cartouche
d'oxygene. contracter axialement et etant normalement maintenue dans sa
configuration la plus eten-  20. Appareil respiratoire selon la
revendication 6, due; lorsque la paroi laterale de la piace de     dans
lequel chacun des tubes flexibles corn- couvercle est manuellement
contracteo, la         prend une piAce de manchon possddant une pression
interne dans le passage circulaire  60   nervure en hdlice on forme de
filetage formde augmente ainsi a un niveau superieur a la         sur sa
face exteme ot une pikce de ressort pression exteme, amenant ainsi le
clapet anti-    hElicordal de traction s'adaptant dans la piAce retour de
purge sur sa position ouverte.          de manchon de telle fagon que la
pibce de ressort soit placde le long de la nervure en 16. Appareil
respiratoire selon la revendication 1,  56  helice de la pikce de manchon.
dans lequel le moyen d'6limination du dioxyde de carbone (68) comprend une
pibce de reci- pient globalement tubulaire communiquant 21    


