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Description

Technical Field

This invention relates to a carbon dioxide adsorp-
tion apparatus used in a semiclosed-circuit breathing
apparatus, closed-circuit breathing apparatus or other
underwater breathing apparatus.

Background Art

In a semiclosed-circuit breathing apparatus or
closed-circuit breathing apparatus, exhaled air is
passed through a carbon dioxide adsorption apparatus
where it is regenerated and used as the gas to be
inhaled. A conventional carbon dioxide adsorption
apparatus must be replaced with a new one before each
dive.

The replacement work involved opening the case of
the carbon dioxide adsorption apparatus, removing the
carbon dioxide adsorbent packed therein and repacking
with new carbon dioxide adsorbent. In this work, the
carbon dioxide adsorbent must be packed uniformly. If
this packing work is not performed correctly, the gas
passing through the carbon dioxide adsorption appara-
tus will pass through without the carbon dioxide being
removed, so the efficiency of adsorption of carbon diox-
ide is decreased. Therefore, training is required for this
work and it is difficult for the work to be performed
quickly and easily.

In addition, even if the carbon dioxide adsorbent is
packed correctly, there is a risk that during use, vibra-
tions or the like will cause the carbon dioxide adsorbent
to be compacted, resulting in gaps in the space where
the carbon dioxide adsorbent is packed. If such gaps
occur, ill effects such as the exhaled passing through as
is without being purified may occur.

In light of these problems, the object of the present
invention is to simplify the replacement work and pro-
vide a carbon dioxide adsorption apparatus in which
gaps will not occur during use.

Another object of the present invention is to provide
a carbon dioxide adsorbent canister suitable for use in
such a carbon dioxide adsorption apparatus.

Disclosure of the Invention

In order to achieve the aforementioned objects, the
carbon dioxide adsorption apparatus for underwater
breathing apparatus of the present invention comprises:
a hollow casing in which an opening is formed on one
side, a removable cover that is attached to said opening,
a removable carbon dioxide adsorbent canister that is
enclosed within a sealed space formed into a compart-
ment by the casing and cover, and carbon dioxide
adsorbent packed within this carbon dioxide adsorbent
canister.

The aforementioned carbon dioxide adsorbent can-
ister comprises: an outer cylinder, one end of which
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forms a sealing bottom, an inner cylinder, which can be
inserted from a bottom hole opened in the center of this
sealing bottom of the outer cylinder, and one end of
which forms a sealing bottom, and a cover that can be
fit over the tip of said inner cylinder, such that the inside
surface of the opening of said outer cylinder and the
outside surface of said cover form a lock that prevents
said cover from coming off in the removable state, thus
forming a constitution in which the peripheral surface of
said outer cylinder and inner cylinder becomes a gas-
permeable surface.

With a canister of such constitution, the inner cylin-
der is inserted from the bottom hole of the outer cylinder
and then carbon dioxide adsorbent is packed within the
annular space formed between the outer cylinder and
inner cylinder, and then the cover is fitted onto the outer
cylinder and inner cylinder.

Moreover, the canister enclosed within the casing is
constituted such that its cover portion is pushed toward
the side in which the carbon dioxide adsorbent is
packed by a coil spring or other elastic means.

With the carbon dioxide adsorption apparatus of the
present invention, if carbon dioxide adsorbent canisters
are prepared in advance, these can be simply placed
within the casing to finish the carbon dioxide adsorbent
replacement work. In addition, at the time of use, the
cover is pressed in the direction of the packed carbon
dioxide adsorbent. Therefore, even if the carbon dioxide
adsorbent becomes compacted, the cover will move
accordingly, so no gaps will be formed.

The carbon dioxide adsorbent canister of the
present invention consists of the combination of three
separate parts: outer cylinder, inner cylinder and cover.
None of the individual parts is complex in shape so they
can be simply molded from synthetic resin or the like as
the raw material.

Brief Description of Drawings

Figure 1 is a perspective view of the outside of a
semiclosed-circuit breathing apparatus which is an
embodiment of the invention.

Figure 2 is a schematic cross-sectional view of the
overall constitution of the semiclosed-circuit breathing
apparatus.

Figure 3 is a schematic cross-sectional view of an
enlargement of a portion of the carbon dioxide adsorp-
tion apparatus installed in a semiclosed-circuit breath-
ing apparatus.

Figure 4 is an exploded perspective view showing
the constitution of the carbon dioxide adsorbent canister
that makes up the carbon dioxide adsorption apparatus
of Figure 3.

Figure 5 is a cross-sectional view of the carbon
dioxide adsorbent canister.

Figure 6 is a figure showing the carbon dioxide
adsorbent canister, where (a) is a right-side view, (b) is
a front view and (¢) is a left-side view.

Figure 7 is an explanatory drawing showing the
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basic constitution of the water draining apparatus,
where (a) shows the state at the time of exhalation, (b)
shows the state at the time of inhalation, and (c) shows
the state of draining water.

Figure 8 is an explanatory drawing intended to
explain the operation of the water draining apparatus
while the wearer is upside-down, where (a) shows the
state when the water draining apparatus is not installed
while (b) shows the state when the water draining appa-
ratus is installed.

Figure 9 is an explanatory drawing that illustrates
the state of the wearer while swimming.

Figure 10 is an explanatory drawing that illustrates
the state of the water draining apparatus while the
wearer is swimming.

Figure 11 is an explanatory drawing that illustrates
the operation of the water draining apparatus while the
wearer is facing upward.

Figure 12 is a drawing that illustrates the water
draining apparatus mounted on the semiclosed-circuit
breathing apparatus of Figure 1.

Figure 13 is a drawing that illustrates the pressure
chamber of the water draining apparatus of Figure 12.

Figure 14 is an explanatory drawing that illustrates
the buoyancy adjustment action of the air bag while the
diver is in the upside-down diving position.

Figure 15 is a drawing that illustrates an underwater
breathing apparatus with the air bag located on the side
of the buoyancy compensator (BC) vest where (a) is a
schematic drawing and (b) is an explanatory drawing
that illustrates a diver wearing the breathing apparatus.

Figure 16 is a drawing that illustrates the fluctuation
of the differential-pressure resistance of breathing in the
various diving positions while diving with the apparatus
of Figure 15, where (a) is an explanatory diagram for the
downward-facing position, (b) is an explanatory diagram
for the upside-down position, (c) is an explanatory dia-
gram for the upright position, and (d) is an explanatory
diagram for the upward-facing position.

Figure 17 is a drawing that illustrates the fluctuation
of the differential-pressure resistance of breathing in the
various diving positions while diving with a conventional
underwater breathing apparatus, where (a) is an
explanatory diagram for the downward-facing position,
(b) is an explanatory diagram for the upside-down posi-
tion, (c) is an explanatory diagram for the upright posi-
tion, and (d) is an explanatory diagram for the upward-
facing position.

Best Mode for Carrying out the Invention

A semiclosed-circuit breathing apparatus to which
the present invention is applied will be explained with
reference to the drawings.

(Overall Structure)

Figures 1 and 2 show a semiclosed-circuit breath-
ing apparatus with into which the carbon dioxide
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adsorption apparatus of present invention is built.

First, as shown in Figure 1, the semiclosed-circuit
breathing apparatus 1 of this example is equipped with
a hollow housing 2 and the component parts of the
device to be described later are built into this hollow
housing 2. One side of this hollow housing 2 forms the
back-resting surface 2a which rests against the back of
the diver, and in the center of the opposing surface is
formed an opening used for replacing the breathing gas
cylinder, and attached to the opening is a removable
cover 2b. Attached to the top edge of the hollow housing
2 is a canister 3 with a built-in horizontal carbon dioxide
adsorption apparatus. This canister takes an overall
cylindrical shape, and connected to its exterior on either
side are two flexible hoses, an exhalation air hose 4 and
an inhalation air hose 5. Connected to the ends of the
exhalation air hose 4 and the inhalation air hose 5 is a
mouthpiece unit 6.

We will now describe the main structural compo-
nents of the apparatus 1 of this embodiment in refer-
ence to Figure 2. As shown in this figure, the
inhaled/exhaled air circulation chamber 61 within the
mouthpiece unit 6 communicates with the exhalation air
hose 4 and inhalation air hose 5. The other ends of the
exhalation air hose 4 and inhalation air hose 5 commu-
nicate with either side of the cylindrical canister 3 with a
built-in carbon dioxide adsorption apparatus 7. In other
words, the carbon dioxide adsorption apparatus 7 with
an annular cross-section is built into the center of this
canister 3 and an exhalation air passage 31 and inhala-
tion air passage 32 are formed on either side. A breath-
ing gas cylinder 8 is placed vertically in the center of the
hollow housing 2 below the canister 3 with the built-in
carbon dioxide adsorption apparatus 7, and on either
side of the cylinder are placed an exhalation air bag 9
and an inhalation air bag 11. The exhalation air bag 9
communicates with the exhalation air passage 31 of the
canister 3 and the inhalation air bag 11 communicates
with the inhalation air passage 32 of the canister 3.
Mounted on the outside surface of the exhalation air bag
9 is a water draining apparatus 130.

The breathing gas cylinder 8 is arranged such that
its gas discharge outlet 81 is positioned at the bottom,
and this gas discharge outlet 81 is connected via an
on/off valve 82 to a regulator 83. The regulator 83
reduces the gas pressure to roughly 8 to 9 kg/cm?. Con-
nected to the regulator 83 are six gas supply lines, and
of these, three are used for the remaining-pressure
gage, the buoyancy compensator and the octopus rig
(not shown). One of the remaining three lines, gas sup-
ply line 84, passes through the inhalation air passage
32 of the canister 3 with built-in carbon dioxide adsorp-
tion apparatus and through the inhalation air hose 5,
extending to the interior of the mouthpiece. At an inter-
mediate position is interposed a flow rate adjustment
orifice 84a, by which the flow rate is adjusted to 4 to 5 lit-
ers/minute and supplied to the interior of the mouth-
piece. Another of the lines, gas supply line 85, is a
purge gas supply line used to purge water from the inte-
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rior of the mouthpiece unit 6, extending to the interior of
the mouthpiece unit 6 in the same manner as gas sup-
ply line 84 described above. The remaining line, gas
supply line 86, is used to supply air during emergencies,
and its end is positioned within the inhalation air pas-
sage 32 of canister 3.

Mounted to the end of the inhalation side of the can-
ister 3 with built-in carbon dioxide adsorption apparatus
is an auto-valve mechanism 12. This mechanism 12
controls the opening and closing of the gas supply line
86 and controls the automatic release of excess gas.

The overall flow of gas is as follows. Exhaled air
from the mouthpiece 62 of the mouthpiece unit 6 passes
through the exhalation air hose 4 and exhalation air pas-
sage 31 and accumulates in the exhalation air bag 9. At
the time of the inhalation action, the exhaled air accu-
mulated here is passed through the carbon dioxide
adsorption apparatus 7 where carbon dioxide is
removed and the air is purified and flows into the inhala-
tion air passage 32. The exhaled air thus purified accu-
mulates in the inhalation air bag 11 and is also supplied
to the interior of the mouthpiece unit 6 via the inhalation
air hose 5 for use in inhalation. Inside the mouthpiece
unit 6, a constant flow of new gas for inhalation is intro-
duced from the cylinder 8 through the gas supply line
84, so a mixture of these gases is supplied as the gas
for inhalation.

(Carbon Dioxide Adsorption Apparatus)

Next, we will explain the structure of the carbon
dioxide adsorption apparatus 7 in reference to Figures 3
through 6.

The carbon dioxide adsorption apparatus 7 is con-
tained within a canister 3 which has an overall cylindri-
cal shape. On the top and bottom of the outside surface
of one side of this canister 3 are formed an exhalation
air hose connector 311 and exhalation air bag connec-
tor 312, to which are connected the exhalation air hose
4 and exhalation air bag 9, respectively. On the top and
bottom of the outside surface of the other side of this
canister 3 are formed an inhalation air hose connector
313 and inhalation air bag connector 314, to which are
connected the inhalation air hose 5 and inhalation air
bag 11, respectively. Screwed into the opening on the
inhalation air hose connector side of canister 3 is a hol-
low cylindrical cover 322 which when secured forms an
airtight seal. In the peripheral wall of this cover 322 are
formed many exhalation communicating holes 323.
Therefore, the hollow portion of this cover functions as
an exhalation air passage 31 by which the exhalation air
hose 4 and exhalation air bag 9 communicate. In addi-
tion, a cylindrical communicating tube 325 penetrates
the center of the disk-shaped end surface 324 of this
cover 322, so the exhalation air passage 31 communi-
cates via this communicating tube 325 with the hollow
portion 71 of the carbon dioxide adsorption apparatus 7.

Screwed into the other opening of the canister 3 is
a hollow bottom cover 127, onto which the auto-valve
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mechanism 12 is mounted, which when secured forms
an air-tight seal. Between the bottom cover 127 and car-
bon dioxide adsorption apparatus 7 in the canister 3, the
inhalation air passage 32 is formed as a compartment.

The carbon dioxide adsorbent canister 710 that
forms the carbon dioxide adsorption apparatus 7 has an
outer cylinder 720 and an inner cylinder 730 and the
space with an annular cross section formed as a com-
partment between these two is packed carbon dioxide
adsorbent 740. The outer cylinder 720 has one end wall
that forms a sealing bottom 721 in the center of which is
formed a bottom hole 722. The interior of this inner cyl-
inder is the aforementioned hollow portion 71. Attached
to the opening side of the outer cylinder and inner cylin-
der assembled concentrically in this manner is a disk-
shaped cover 750.

This cover 750 is provided with an outer wall 751
and an inner wall 752. The tip side of the outer wall 751
is slightly thinner and thus an annular step 753 is
formed on its exterior surface. In the same manner, the
tip side of the inner wall 752 is also slightly thinner and
thus an annular step 754 is formed on its interior sur-
face. In opposition, on the interior surface of the opening
in the tip of the outer cylinder 720 is formed an annular
protrusion 723 with an inside diameter slightly smaller
than the outside diameter of the root side of the outer
wall of the cover, and on the exterior surface of the
opening in the tip of the inner cylinder 730 is formed an
annular protrusion 732 with an outside diameter slightly
larger than the inside diameter of the tip side of the inner
wall of the cover. In addition, an annular protrusion 733
is also formed on the exterior surface of the bottom side
of the inner cylinder 730, with an outside diameter
dimension slightly larger than the inside diameter of the
inner wall of the bottom hole 722 of the outer cylinder.

On the other hand, many gas permeation holes 724
are formed in the exterior walls of the outer cylinder 720
excluding the bottom surface and tip opening side. In
addition, four ribs 725 are formed in the axial direction at
90° increments. These ribs 725 form a passage
between the interior surface of the canister 3 and the
outer cylinder 720 that extends to the inhalation air pas-
sage 32. In addition, many gas permeation holes 734
are formed in the exterior walls of the inner cylinder 730
also, excluding the bottom surface and tip opening side.

The carbon dioxide adsorbent canister 710 of such
structure is assembled by inserting the inner cylinder
730 through the bottom hole 722 of the outer cylinder
720, packing carbon dioxide adsorbent 740 into the
annular space 760 formed as a compartment between
the outer cylinder and inner cylinder, and then fitting the
cover 750 onto the tips of the outer cylinder and inner
cylinder. Here, the interior surface of the outer cylinder
720 and the exterior surface of the inner cylinder 730
are each wrapped with polypropylene nonwoven fabric
(not shown) and the carbon dioxide adsorbent 740 is
packed into the interior of the canister while wrapped
with this nonwoven fabric. The nonwoven fabric pre-
vents leakage of the fine adsorbent powder. Material
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other than polypropylene can be used for the nonwoven
fabric, but the carbon dioxide adsorbent 740 generates
heat when it adsorbs carbon dioxide, so a heat-resistant
material is required.

The carbon dioxide adsorbent canister 710 thus
assembled is charged into the interior of the canister 3
after opening the cover 322. A coil spring 770 in the
compressed state is inserted between the cover 322
and the cover 750 of the carbon dioxide adsorbent can-
ister 710.

In the carbon dioxide adsorption apparatus 7 of this
embodiment of such structure, exhaled air passes from
the exhalation air passage 31 side through the commu-
nicating tube 325 and into the hollow portion 71 of the
inner cylinder 730, after which it passes through the gas
permeation holes 734 of the inner cylinder and enters
the carbon dioxide adsorbent 740, where it is regener-
ated and leaves through the gas permeation holes 724
of the outer cylinder and supplied to the inhalation air
passage 32 side.

In the carbon dioxide adsorption apparatus of this
embodiment, it is possible to replace the carbon dioxide
adsorbent by merely replacing this carbon dioxide
adsorbent canister 710. By preparing a carbon dioxide
adsorbent canister 710 in advance already packed with
carbon dioxide adsorbent 740, the replacement work
can be performed simply. Alternatively, the cover 750 of
the carbon dioxide adsorbent canister 710 can be
removed and the carbon dioxide adsorbent packed
therein can be replaced.

Here, the cover 750 of the carbon dioxide adsorb-
ent canister 710 is fitted to the openings of the outer cyl-
inder and inner cylinder such that it is prevented from
coming off by means of the annular protrusions 723 and
754. Moreover, it is in a state in which movement toward
the inside is possible, and in the state when charged
within the canister 3 it is pressed in by means of the coil
spring 770. Therefore, even if the carbon dioxide
adsorbent packed inside should become compacted by
means of vibration or the like during use, the compres-
sion will move the cover towards the inside and no gaps
with no carbon dioxide adsorbent present will occur.
Thus, even if the carbon dioxide adsorbent becomes
compacted, the appropriate purification and regenera-
tion of breathing gas will be performed constantly.

On the other hand, the carbon dioxide adsorbent
canister 710 of this embodiment consists of an assem-
bly of an outer cylinder 720, inner cylinder 730 and
cover 750. Therefore, they can be easily formed in con-
trast to the case of the canister being formed as a single
unit.

(Structure of the Water Draining Apparatus)

Next, we shall describe the water draining appara-
tus 130 attached to the exhalation air bag 9 of the appa-
ratus 1 of this embodiment. This water draining
apparatus 130 is related to a water draining apparatus
that automatically expels water that enters the breathing
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air bags via the mouthpiece, by linkage with the breath-
ing action.

First, we shall explain the background for installing
this water draining apparatus 130.

As described previously, underwater breathing
apparatus can generally be divided into two types:
open-circuit breathing apparatus and closed-circuit or
semiclosed-circuit breathing apparatus. In an open-cir-
cuit breathing apparatus, gas that has been breathed
once is all expelled from the apparatus, but a closed-cir-
cuit or semiclosed-circuit breathing apparatus includes
an apparatus by which gas that has been breathed can
be breathed again. During dives using open-circuit
breathing apparatus, the same wvolume of gas is
breathed regardless of the ambient pressure or depth.
Therefore, as the ambient pressure becomes larger the
consumption of breathing gas increases. In the case in
which a gas cylinder is used, namely the case in which
the amount of gas that can be breathed is limited to a
fixed volume, the diving time decreases as the depth
increases.

In contrast, with a closed-circuit or semiclosed-cir-
cuit breathing apparatus, while compressed gas is the
source of breathing air in the same manner as the open-
circuit type, the same weight of gas is breathed regard-
less of the ambient pressure. Therefore, with the
closed-circuit or semiclosed-circuit type, the consump-
tion of breathing gas is constant regardless of depth.
For this reason, the amount of breathing gas that must
be carried is much less than that required for the open-
circuit type, and also, by varying the mixing ratio of
breathing gas, long dives to depths that cannot be
reached with open-circuit apparatus become possible.

In this manner, closed-circuit or semiclosed-circuit
breathing apparatus has the advantages of being lighter
than open-circuit breathing apparatus and permitting
longer dives to deeper depths. However, conventional
closed-circuit or semiclosed-circuit breathing apparatus
was developed for purposes of specialized types of div-
ing or military use, so it provided only a minimum of
safety mechanisms, and had no mechanisms for han-
dling emergency situations that occur relatively easily.
For this reason, extremely thorough ftraining was
required in order to use this type of apparatus, and thus
it could not be used easily by the leisure diver.

Yet with the increase in diving aficionados, demand
increased for this type of closed-circuit or semiclosed-
circuit breathing apparatus that can be used for diving
without the need to master complex operation. Closed-
circuit breathing apparatus is equipped with oxygen
concentration sensors and the like, thus requiring con-
siderable training in its handling, control and monitoring.
In contrast, semiclosed-circuit breathing apparatus has
no such equipment and therefore there is no need for
training in its operation, so it can be handled relatively
easily by even a non-expert. This type of semiclosed-
circuit breathing apparatus has become simpler than in
the past, can be used easily and is extremely conven-
ient.
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The water draining apparatus 130 of this embodi-
ment was conceived in consideration of the particulars
described above and is a device for automatically expel-
ling water that collects in the breathing air bag after
entering the interior.

Next, we will describe the basic structure and oper-
ation of the water draining apparatus 130 of this embod-
iment.

As shown in Figure 7, the water draining apparatus
130 is attached to the outside surface 9a of the exhala-
tion air bag 9 and is characterized in that it comprises: a
pressure chamber 131 that is compressed and
expanded together with the compression and expansion
motion of the breathing air bag, a first water discharge
line 132 that communicates between the interior and
exterior of this pressure chamber, a first check valve
133, inserted within this first water discharge line 132,
that permits the passage of fluid only from the interior to
the exterior of the pressure chamber, a second water
discharge line 134 that communicates between the bot-
tom 9b of the breathing air bag and a portion 132a of the
first water discharge line 132, which communicates
between this first check valve 133 and the interior of the
pressure chamber, and a second check valve 135,
inserted within this second water discharge line 134,
that permits the passage of fluid only from the interior of
the breathing air bag to the first water discharge line
132.

Here, the external opening end 132b of the pres-
sure chamber 131 and first water discharge line 132 is
preferably positioned at roughly the height of the center
G of the breathing air bag 9.

In addition, the pressure chamber 131 is attached
to the outside surface 9a of the breathing air bag facing
the side opposite the back of the wearer when worn,
and the external opening end 132b of the first water dis-
charge line is preferably positioned on the outside sur-
face on the side opposite the outside surface where the
pressure chamber is attached (namely, the outside sur-
face on the side facing the back of the wearer).

On the other hand, the external opening end of the
first water discharge line is preferably adjustable with
respect to its position relative to the breathing air bag.

The breathing air bag 9 expands and contracts with
the breathing action of the diver. As shown in Figure
7(a), at the time of exhalation, the exhaled air is taken
into the air bag 9, which expands. In contrast, as shown
in Figure 7(b), at the time of inhalation, the air bag 9
contracts. With the expansion and contraction action of
the air bag as thus, the water draining apparatus 130
attached to its outside surface 9a undergoes pumping
action, thereby expelling the water W that collects at the
bottom of the air bag 9. In other words, when the pres-
sure chamber 131 which is in the contracted state due
to expansion of the air bag 9 expands with the contrac-
tion of the air bag 9, as shown in Figure 7(b), the water
W that collects at the bottom of the air bag 9 is sucked
out via the second water discharge line 134 and second
check valve 135, and moves to the pressure chamber
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131 side. Thereafter, when the pressure chamber 131 is
compressed due to expansion of the air bag 9, the water
that had moved here is expelled to the exterior via the
first water discharge line 132.

In addition, even considering a case that does not
depend on expansion or contraction of the air bag 9,
when the internal pressure of the air bag 9 rises, as
shown in Figure 7(c), the water W within the air bag 9 is
expelled via the water discharge lines 134 and 132 due
to the pressure difference.

Next, consider the case in which the internal pres-
sure of the breathing air bag 9 becomes excessively
large during use. For example, consider a diver diving in
the upside-down position as shown in Figure 8. In this
case, even if the air exhaust mechanism 12 is mounted
on the upper-edge side of the semiclosed-circuit breath-
ing apparatus 1, because of the positional relationship,
the exhaust of air from the air exhaust mechanism 12
will not occur rapidly. As a result, as shown in Figure
8(a), the air bag 9 will be excessively inflated. However,
in the present invention, the pressure chamber 131 and
external opening end 132b of the water draining appa-
ratus 130 are positioned at roughly the height of the
center G of the air bag 9. For this reason, the gas within
the air bag 9 is released quickly via the second water
discharge line 134 and first water discharge line 132
from the external opening end 132b. Thus, as shown in
Figure 8(b), excessive inflation of the air bag can be pre-
vented even in the case of this diving position.

Next, the pressure chamber 131 of the water drain-
ing apparatus is attached to the outside surface 9a of
the air bag 9 on the side opposite that of the back of the
wearer, and therefore, as shown in Figure 9, the pres-
sure chamber 131 is positioned between the outside
surface 9a of the air bag 9 and the back side of the case
2 of the semiclosed-circuit breathing apparatus 1. For
this reason, as shown in Figure 10, when the diver is in
the swimming position, the air bag 9 is pushed against
the back side of the case by buoyancy and therefore the
pressure chamber 131 is put into the compressed state
so its volume is reduced and it does not function well. In
contrast, the external opening end 132b is positioned on
the side of the back of the diver (namely, positioned
below the air bag 9), so breathing gas will not be blown
out from here due to the pressure difference.

On the other hand, even in the case in which the
wearer is swimming in the reverse position as shown in
Figure 11, when the air exhaust mechanism 12 is
formed on the upper edge of the semiclosed-circuit
breathing apparatus 1, the air exhaust mechanism 12 is
positioned lower than the lungs of the wearer, so the
exhausting of air thereby becomes difficult. However,
when the water draining apparatus 130 of the present
invention is provided, its external opening end 132b is
close to the lungs of the wearer, so exhalation when
exhausting air can be performed easily.

Moreover, when the height of the external opening
end 132b of the first water discharge line can be varied
relative to the air bag 9, by adjusting this height the vol-
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ume of air in the air bag can be adjusted. Therefore, it is
possible to prevent the generation of excess buoyancy
even when diving in the upside-down position.

Next, we shall describe the specific structure of the
water draining apparatus 130 attached to the exhalation
air bag 9 of the apparatus 1 of this embodiment, in ref-
erence to Figures 2, 12 and 13.

The exhalation air bag 9 to which the water draining
apparatus 130 is attached is an elastic bag formed from
flexible raw materials, so it is able to expand and con-
tract with the breathing action. Formed on the upper
edge of the air bag 9 is a connector 91 that couples to
the connector 312 formed on the canister 3 described
above. Formed on the bottom edge of this air bag 9 is an
opening 92.

The water draining apparatus 130 of this embodi-
ment has a pressure chamber 131 attached to the out-
side surface 9a of the air bag 9 facing the side opposite
the back of the wearer. This pressure chamber 131 is
attached to the outside surface 9a of the airbag 9 at a
position corresponding to the center of the air bag 9. As
shown in Figure 13, the pressure chamber 131 consists
of a bellows-shaped flexible tube 141 and on both ends
of this tube are formed sealing walls 142 and 143. This
can be formed as a single unit from polyethylene or
other synthetic resin. One of the sealing walls 143 of the
tube 141 is joined to the outside surface 9a of the air
bag 9.

A connection hole 144 is formed in the peripheral
surface of the pressure chamber 131 in order that the tip
of a flexible tube 132a can be connected. One end of
the flexible tube 132a is connected here while its other
end is connected to a connection hole 145a in a three-
way connection tube 145. Among the other two connec-
tion holes 145b and 145c of the three-way connection
tube 145, connection hole 145b connects to one end of
the flexible tube 132 via the first check valve 133. The
other end of this tube 132 communicates with the exter-
nal opening end 132b via check valve 147.

On the other hand, connected to the remaining con-
nection hole 145a of the three-way connection tube 145
is one end of a second flexible tube 134 via a second
check valve 135. The other end of this tube 134 is con-
nected to an opening 92 in the bottom of the air bag 9.

Here, the first check valve 133 and check valve 147
permit the passage of fluid only toward the external
opening end 132b. In addition, the second check valve
135 permits the passage of fluid only from the side of
the second tube 134 toward the side of the pressure
chamber 131 and external opening end 132b.

The water draining apparatus 130 of this embodi-
ment of such structure, as explained in reference to Fig-
ure 7, permits water that collects at the bottom of the
exhalation air bag 9 to be expelled to the outside via the
external opening end 132b. In addition, as described in
reference to Figure 7(c), when the internal pressure of
the air bag 9 rises, as shown in Figure 7(c), the water
that collects at the bottom can be expelled to the out-
side.
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Moreover, in the case in which the internal pressure
of the breathing air bag 9 becomes excessively large
during use, for example, when a diver is diving in the
upside-down position as shown in Figure 8, even if the
auto-valve 12 is positioned below the air bag 9, the
exhaust of air from the air auto-valve 12 will not occur
rapidly. As a result, as shown in Figure 8(a), the air bag
9 will be excessively inflated. However, in this embodi-
ment, the pressure chamber 131 and external opening
end 132b of the water draining apparatus 130 are
arranged at positions near the center of the air bag 2.
For this reason, the gas within the air bag 9 is released
quickly via the second water discharge line 134 and first
water discharge line 132 from the external opening end
132b. Thus, as shown in Figure 8(b), excessive inflation
of the air bag can be prevented even in the case of this
diving position.

Moreover, in this embodiment, the pressure cham-
ber 131 of the water draining apparatus is attached to
the outside surface 9a of the air bag 9 on the side oppo-
site that of the back of the wearer, and therefore, as
shown in Figure 9, the pressure chamber 131 is posi-
tioned between the outside surface 9a of the air bag 9
and the back side of the case 2 of the semiclosed-circuit
breathing apparatus 1. For this reason, as shown in Fig-
ure 10, when the diver is in the swimming position, the
air bag 9 is pushed against the back side of the case by
buoyancy and therefore the pressure chamber 131 is
put into the compressed state so its volume is reduced
and it does not function well. In contrast, the external
opening end 132b is positioned on the side of the back
of the diver (namely, positioned below the air bag 9), so
breathing gas will not be blown out from here due to the
pressure difference.

On the other hand, in the case in which the wearer
is swimming in the reverse position as shown in Figure
11, the auto-valve 12 is positioned on the upper edge of
the semiclosed-circuit breathing apparatus 1. In this
case, the air exhaust mechanism 12 is positioned lower
than the lungs of the wearer, so the exhausting of air
thereby becomes difficult. However, when the water
draining apparatus 130 of the present invention is pro-
vided, its external opening end 132b is close to the
lungs of the wearer, so exhalation when exhausting air
can be performed easily.

In this manner, by using the water draining appara-
tus 130 of this embodiment, water that collects at the
bottom of the air bag 9 can be automatically expelled by
linkage with the breathing action.

In addition, the water draining apparatus 130 of this
embodiment also functions as an air exhausting mech-
anism, so excessive breathing gas can be expelled
smoothly regardless of the diving position of the diver.
Moreover, it has the meritorious effect of being able to
suppress the increase in breathing resistance arising
from the diving position.

Note that in this embodiment, the pressure cham-
ber 131 of the water draining apparatus 130 is attached
to the exhalation air bag, but it can also be attached to
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the inhalation air bag or to both.

Next, we shall describe the advantages of being
able to move the position of the external opening end
132b of the flexible tube of the water draining apparatus
130 relative to the air bag 9 in the preferred embodiment
described above.

Excessive gas in the air bag 9 is exhausted by
means of the exhausting function of the auto-valve as
described above. The auto-valve 12 is positioned at the
upper part of the air bag between the swimming position
and upright position when the swimmer is inclined for-
ward from the horizontal. Therefore, when the air bag
expands to a certain extent, the exhausting function of
the auto-valve is activated. Nevertheless, when the
auto-valve 12 is positioned below the air bag 9 in water,
particularly in the upside-down position, the auto-valve
12 would function after the air bag 9 has expanded to its
maximum to exhaust excess gas. With this, the air bag
buoyancy will increase above the set buoyancy, subject-
ing the diver to excess buoyancy and causing the diver
to begin to float up. As a countermeasure against this,
the diver would need to make efforts to exhaust the gas,
such as by changing his position to reduce that buoy-
ancy.

However, by adjusting the height of the external
opening end 132b of the flexible tube 132, it is possible
to avoid this increase in buoyancy with a simple action.
We will describe the principle of operation in reference
to Figure 14. Note that areas corresponding to those in
the above preferred embodiment are given the same
symbols in Figure 14.

Gas introduced into the air bag 9 while the diver is
in the upside-down position passes through the tube
134, check valve 135 and check valve 133 toward the
external opening end 132b of tube 132. Here, the water
level 901 within the air bag 9 takes the same height as
the water level 902 of the tube 132.

If the introduction of gas into the air bag 9 contin-
ues, the water level within the air bag 9 drops and the
water level in the tube 132 also drops accordingly. When
the water level drops to the level of the external opening
end 132b (indicated by the symbols 903 and 904 in the
figure), gas is expelled from there into the outside.
Therefore, the water level will drop no more even if the
introduction of gas into the air bag continues. To wit,
there will be no change in the amount of gas in the air
bag 9 and therefore the buoyancy of the air bag will not
increase.

Here, if the tube end 132b is moved upward while
gas is continuously supplied into the interior of the air
bag, the water level 901 within the air bag 9 will rise
accordingly. In contrast, if the tube end 132b is lowered,
the water level 901 within the air bag will drop accord-
ingly. Therefore, buoyancy can be adjusted by changing
the height of the tube end 132b. Thus, it is sufficient to
secure the tube end 132b at a height position where the
appropriate buoyancy is obtained.

Note that the above explanation describes an
example in which the water draining apparatus is
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attached to a semiclosed-circuit breathing apparatus.
However, the water draining apparatus can be also sim-
ilarly applied to a closed-circuit breathing apparatus.

As described above, the water draining apparatus
of this embodiment performs a pumping action linked to
the expansion and contraction action of the air bag, thus
automatically expelling water that enters the interior of
the breathing apparatus and collects at the bottom of
the air bag.

In addition, the pressure chamber and external
open end of the water draining apparatus are arranged
such that they are positioned near the center of the air
bag 9, and the pressure chamber of the water draining
apparatus is attached to the outside surface of the
breathing air bag on the side opposite that which faces
the back of the wearer, and also the external opening
end is positioned on the outside surface of the air bag
on the side opposite the outside surface where the pres-
sure chamber is attached (namely the outside surface
on the side facing the back of the wearer). For this rea-
son, even considering a case that does not depend on
expansion or contraction of the air bag, when the inter-
nal pressure of the air bag rises, the water within the air
bag is expelled into the outside due to the pressure dif-
ference. In addition, along with functioning effectively as
a discharge mechanism for excess internal breathing
gas regardless of the position during swimming, it has
advantages such as suppressing the increase in breath-
ing resistance due to the swimming position.

Moreover, the height position of the external open
end that communicates with the pressure chamber of
the water draining apparatus is adjustable. It has the
advantage of permitting this height position to be
adjusted during diving in the upside-down position,
thereby adjusting the set buoyancy of the air bag buoy-
ancy.

(Arrangement of the Breathing Air Bags)

Next, we shall describe the case in which the semi-
closed-circuit breathing apparatus 1 of this embodiment
is attached to a buoyancy compensator (BC) vest like
that used for general underwater breathing apparatus,
and worn by a diver. During diving, depending on the
vertical relationship with the lungs of the diver, a pres-
sure difference arises due to water pressure during the
dive. This pressure difference causes the breathing dif-
ferential-pressure resistance to fluctuate. In order to
reduce the breathing differential-pressure resistance, it
is preferable for the air bag to be arranged at as near the
same level as the lungs of the diver as possible. How-
ever, this point has conventionally not been taken into
consideration. For this reason, the fluctuation in breath-
ing resistance depending on the diving position is
severe, resulting in the problem of a large load being
placed on the diver.

In other words, as we shall describe with reference
to Figure 17, when the diver is swimming in the down-
ward-facing position as shown in Figure 17(a), a vertical
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difference arises between the center G1 of the air bag
199 and the center G3 of the lungs 200a of the diver
200. For this reason, the inhalation pressure becomes
larger than the exhalation pressure by the amount of
this pressure difference. In contrast, in the upside-down
position as shown in (b), the difference between the air
bag center G1 and the center of the lungs G3 increases,
so the exhalation differential pressure increases com-
pared to that of the downward-facing position. In addi-
tion, in the upright position as shown in (c), the center of
the lungs G3 is at a position higher than the air bag
center G1, so the exhalation pressure becomes large
and the inhalation pressure is reduced, so there is a risk
of excess inhalation. Moreover, in the upward-facing
position as shown in (d), the center of the lungs G3 is at
a position higher than the air bag center G1, so the
exhalation pressure becomes large and the inhalation
pressure is reduced.

Therefore, in an underwater breathing apparatus
equipped with breathing air bags such as the apparatus
1 of this embodiment, it would be convenient if the fluc-
tuation in the breathing differential-pressure resistance
arising from changes in the diving position can be sup-
pressed and the breathing differential-pressure resist-
ance can be reduced as much as possible.

For this reason, the inventors focused their atten-
tion on the BC vest used to attach the main underwater
breathing apparatus unit to the diver, and adopted a
structure in which the breathing air bags are built into
the vest. When both an exhalation air bag and inhalation
air bag are provided, these air bags will be attached at
positions corresponding to the left and right lungs of the
diver when the vest is worn.

In this manner, by having the air bags built into the
BC vest, in comparison to the conventional apparatus,
the air bags are constantly at positions closer to those of
the lungs of the diver regardless of which diving position
is assumed. Thus, the vertical difference between the
air bag center and the center of the lungs can be
reduced and also the fluctuation can be suppressed.
Thus, the breathing differential-pressure resistance can
be reduced and the amount of fluctuation can also be
reduced.

Here follows a description of the structure of a BC
vest with a built-in air bag, made with reference to Fig-
ures 15 and 16.

As shown in Figure 15(a), the underwater breathing
apparatus 201 consists of a main unit 210 and a BC
vest 220 used to let the diver wear the main unit. The
main unit 210 is the portion corresponding to the semi-
closed-circuit breathing apparatus 1 described above.
The figure shows the BC vest as seen from the back.
The main unit 210 has the same structure as the semi-
closed-circuit breathing apparatus 1 described above
with the exception that the breathing air bags are not
attached, and the figure shows only the canister 3
packed with carbon dioxide adsorbent used to remove
carbon dioxide from exhaled air, the exhalation air tube
4 and the inhalation air tube 5 connected to the canister
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3, and the mouthpiece unit 6 connected to the tips of
these tubes.

The BC vest 220 consists of the vest proper 221
and a belt 222 used to permit the diver to wear this vest
proper 221 along with various attachments for attaching
the main unit 210. In this embodiment, in the state as
when worn by the diver, the vest proper 221 contains
the exhalation air bag 225 and the inhalation air bag 226
at two side areas 223 and 224 positioned in an area
from either shoulder to the back. In the figure, these
areas are indicated by hatching. In addition, the buoy-
ancy bag 227 is stored in an area 228 attached around
the waist of the diver.

Here, formed in the air bags 225 and 226 are con-
nection holes 225a and 226a on the side toward the
main unit 210, and these holes are open toward the
back of the vest proper 221. On the other hand, formed
in the canister 3 of the main unit 210 are connection
holes 3a and 3b for connecting to the air bags 225 and
226. Although omitted from the figure, a connection is
made with a tube from connection hole 225a of the
exhalation air bag 225 to connection hole 3a of the can-
ister 3. In addition, a connection is made with a separate
tube from connection hole 226a of the inhalation air bag
226 to connection hole 3b of the canister 3.

Figure 15(b) shows the state of the diver 200 wear-
ing the underwater breathing apparatus 201 of this
embodiment of the structure described above. As
shown in this figure, the air bags 225 and 226 contained
in the BC vest 220 are in the state in which they are
attached to areas reaching from either shoulder of the
diver 200 extending toward the back.

Figure 16 shows the difference in height between
the air bag center G1 and the center of the lungs G3
when the underwater breathing apparatus 201 of this
embodiment is worn, in comparison to the analogous
difference in height for the conventional apparatus
shown in Figure 17.

As one can see from this figure, in this embodiment,
the difference in height between the air bag center G1
and the center of the lungs G3 is smaller in all diving
positions than that of the conventional case, and there-
fore the difference in water pressure is small so the
breathing resistance is suppressed in comparison to the
conventional case. In addition, this difference in height
between the centers G1 and G3 in the various diving
positions does not fluctuate so much depending on the
position compared to the conventional case, but rather it
is kept nearly constant. Therefore, fluctuation in the
breathing resistance arising from the diving position can
be suppressed.

In addition, in this embodiment, the air bags are
contained within the vest, so there is no need for space
to store the air bags on the side of the main unit 210,
and thus the main unit 210 can be made that much
more compact for an added advantage. In other words,
while the volume of these air bags are normally 5to 7 lit-
ers, there is no need to store them in the main unit, so
the apparatus housing can be made more compact.
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Note that the above explanation describes an
example that applies to a semiclosed-circuit breathing
apparatus, but it can be also similarly applied to a
closed-circuit breathing apparatus or other breathing
apparatus equipped with an air bag.

As described above, a structure is adopted in which
the BC vest contains the breathing air bags so during
diving, the vertical difference between the center of the
lungs of the diver and the air bag center can be made
small. In addition, the amount of fluctuation of the verti-
cal difference between the centers due to changes in
the diving position can also be suppressed. Therefore,
the breathing differential-pressure resistance can be
reduced compared to the conventional case in which
the air bags are attached to the main unit and also fluc-
tuations in the breathing resistance arising due to
changes in the diving position can be suppressed.
Moreover, there is also the advantage that the main unit
can be made more compact because there is no need
for space in the main unit for attaching the air bags.

Industrial Applicability

As explained in the foregoing, the carbon dioxide
adsorption apparatus for underwater breathing appara-
tus of the present invention comprises: a hollow casing
in which an opening is formed on one side, a removable
cover that is attached to said opening, a removable car-
bon dioxide adsorbent canister that is enclosed within a
sealed space formed into a compartment by the casing
and cover, and carbon dioxide adsorbent packed within
this carbon dioxide adsorbent canister. Thus, if carbon
dioxide adsorbent canisters are prepared in advance,
these can be simply placed within the casing to perform
the work of replacing the carbon dioxide adsorbent con-
veniently.

The carbon dioxide adsorbent canister of the
present invention consists of the combination of three
separate parts: outer cylinder, inner cylinder and cover.
Therefore, none of the individual parts is complex in
shape so they can be simply molded from synthetic
resin or the like as the raw material.

Moreover, the cover of the carbon dioxide adsorb-
ent canister is attached such that it is pushed toward the
side in which the carbon dioxide adsorbent is packed by
a coil spring or other elastic means. Therefore, even if
the carbon dioxide adsorbent becomes further com-
pacted due to vibrations during usage, the cover will
move accordingly, so no gaps will be formed. Therefore,
there is the advantage that no gaps with no carbon diox-
ide adsorbent present will form.

Claims

1. In an underwater breathing apparatus constituted
such that exhaled air recovered from a mouthpiece
unit is passed through a carbon dioxide adsorption
apparatus and regenerated, and a mixture of said
regenerated gas and a constant flow of new gas for
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10

inhalation supplied from a breathing gas cylinder is
supplied to said mouthpiece unit as the gas for
inhalation,

an improved carbon dioxide adsorption appara-
tus for underwater breathing apparatus charac-
terized in that:

said carbon dioxide adsorption apparatus com-

prises:

a hollow casing in which an opening is formed
on one side,

a removable cover that is attached to said
opening,

a removable carbon dioxide adsorbent canister
that is enclosed within a sealed space formed
into a compartment by the casing and cover,
and

carbon dioxide adsorbent packed within this
carbon dioxide adsorbent canister; and,

said carbon dioxide adsorbent canister com-
prises:

an outer cylinder, one end of which forms a
sealing bottom,

an inner cylinder, which can be inserted from a
bottom hole opened in the center of this sealing
bottom of the outer cylinder, and one end of
which forms a sealing bottom, and

a cover that can be fit over the tip of said inner
cylinder,

such that the inside surface of the opening of
said outer cylinder and the outside surface of
said cover form a lock that prevents said cover
from coming off in the removable state, thus
forming a constitution in which the peripheral
surface of said outer cylinder and inner cylinder
becomes a gas-permeable surface; and,

the inner cylinder is inserted from the bottom
hole of the outer cylinder and then carbon diox-
ide adsorbent is packed within the annular
space formed between the outer cylinder and
inner cylinder, and then the cover is fitted onto
the outer cylinder and inner cylinder, thereby
constituting said carbon dioxide adsorbent can-
ister, and moreover, the cover of said carbon
dioxide adsorbent canister is pushed toward
the side in which the carbon dioxide adsorbent
is packed by a coil spring or other elastic
means.

2. A carbon dioxide adsorbent canister characterized
in that it is provided with the constitution described
in claim 1.
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