+» UK Patent Application «»GB «2 074 455

A

(21)
(22)
(30)
(31)
(32}
(33)
(43)
(51)
(52)
(56)
(58)

(71)

(72)

{74)

Application No 8104419
Date of filing 12 Feb 1981
Priority data

3015760

24 Apr 1980

Fed Rep of Germany (DE)
Application published
4 Nov 1981

INT CL®

A62B 7/04

Domestic classification
AST BA

Documents cited

None

Field of search

AST

Applicants
Drigerwerk
Aktiengesellschaft,
Moislinger Allee 53-55,
2400 Libeck, Germany
Inventors

Ernst Warncke
Adalbert Pasternack
Agents

Haseltine Lake & Co.,
Hazlitt House,

28, Southampton
Buildings,

Chancery Lane,
London, WC2A 1AT

(54) Lung-controlled respiratory

device

(67) A respiratory protective mask (1)
operating at su peratmospheric
pressure has a lung-controlled valve (2)
for controlling the supply of
compressed air from a supply line (3)to
the mask (1). The valve (2) includes a
diaphragm (5) movable by changes in
the pressure in the interior (7) of the
mask (1). The movement of the
diaphragm (5) causes a pivoting lever
{9) to pivot which in turn causes a
piston (11) to slide in its guide cylinder
(27). The piston (11} has an openin-

ing (13) which allows compressed

air from the supply line (3} to

enter the mask (1) when the piston

(11) is at the mid-point of its movement
but which prevents compressed air
from entering the mask (1) when the
piston (11) is at either of its two end
positions. Thus, when the mask (1) is
not being worn, loss of compressed air
is prevented due to the fact that the

~ piston (11} is at an end position so

preventing compressed air from
entering the mask (1). However, when
the mask is put on, the pressure
generated in the interior (7) of the mask
(1) when the user exhales moves the
piston (11) from the end position and
thus allows compressed air to enter the
mask (1) from the supply line (3). When
pressure builds up further, the piston
moves to its other end position and the
air is again cut off.
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SPECIFICATION
Lung-controlled respiratory device

This invention relates to a lung-controlled com-
pressed gas respiratory protective device which
operates at superatmospheric pressure.

In the compressed gas respiratory protective
devices which operate at superatmospheric pres-
sure, a superatmospheric pressure prevails in the
device during exhaling as well as during inhaling.
This superatmospheric pressure prevents, in all cir-
cumstances during use, the infiltration of the sur-
rounding atmosphere, which could possibly be
dangerous, into the respiratory mask. In the event of
a leakage, gas always passes from the interior
towards the exterior. All known devices necessarily
have the disadvantage that when the device is
removed from the user, i.e. when the respiratory cir-
cuit is opened, the respiratory gas supply container
must be closed {or the function of the automatic lung
must be switched over), as otherwise the respiratory
gas flows out and therefore the utilisation time is
shortened.

A known lung-controlled compressed air respirat-
ory device which operates at superatmospheric
pressure is disclosed in German Offenlegungsschrift
No. 2,620,170. This device has a lung-controlled
valve the closure element of which is actuated by a
pivoting lever which in turn is actuated by a control
diaphragm which is acted upon from the outside by
recirculated air and from the inside by the internal
pressure in the device. The movement of the control
diaphragm is limited by a longitudinally travelling
spacing pin, guided along from the control area
towards the outside. The spacing pin is urged by a
compression spring against an eccentric lever oppo-
site the control diaphragm in such a way that the pin,
in the closed position, holds the control diaphragm
in a position in which the valve is closed by the pivot-
ing lever, and, in the open (superatmospheric pres-
sure) position, allows movement of the control diap-
hragm. In the closed position in which the eccentric
lever points upwards and the valve is open, there is
no unnecessary out-flow of respiratory gas even
when the respiratory mask is removed by the wearer
or when large leakages arise. In the superatmos-
pheric pressure position in which the eccentric lever
points downwards, the respiratory gas flows and the
desired superatmospheric pressure builds up in the
respiratory mask. The superatmospheric pressure
position comes into operation again from the closed
position when the respiratory mask is put on with a
deep intake of breath by the user, due to automatic
turning downwards of the eccentric lever. In spite of
this, it is a disadvantage that, when the respiratory
mask is removed, the eccentric lever must be turned
manually from the superatmospheric pressure posi-
tion to the closed position. If the user fails to do this,
respiratory gas is lost.

A circulatory-respiratory protective device which
operates at superatmospheric pressure is disclosed
in “Prospect’”’ BP-0878, Biomarine Industries Inc.
This device requires an act of will in order to avoid
unnecessary respiratory gas loses. In this device, the

70

75

80

85

90

95

100

106

110

115

120

125

130

respiratory gas flows from a respiration bottle via an
inhalation tube and an inhalation valve to a respirat-
ory protective mask. Exhaled gas returns, via an
exhaling tube, an exhaling valve and a CO, absorber,
to the respiratory bottle. In order to produce a
superatmospheric pressure, the respiratory bottle is
acted upon from the outside by a spring. Oxygen is
continuously and additionally fed from an oxygen
bottle into the respiratory bottle through a demand
valve by way of a pressure-reducing device. The
demand valve is controlled by the movement of the
respiratory bottle, resuiting from the respiratory gas
movement. The demand valve opens with the defla-
tion of the respiratory bottle and closes when the
bottle is inflated. Before the respiratory protective
device is removed from the wearer, the bottle valve
must be closed. If the wearer fails to do this, then
there is a large loss of oxygen as, when the respirat-
ory circuit is opened (which occurs when the
respiratory mask is removed or when a large leakage
occurs) the superatmospheric pressure falls, the
respiratory bag is compressed by the external spring
and the demand valve is opened, and the oxygen
can flow.

It is desirable to provide compressed gas respirat-
ory devices and circulatory respiratory devices
which have a lung-controlied valve such that, when
the devices are not being worn, the flow of respirat-
ory gas (when the valve of the container supplying
respiratory gas to the device is open) is automati-
cally prevented, yet the devices are ready for use.

According to the present invention, there is pro-
vided a respiratory device which operates at
superatmospheric pressure, the device including an
inlet through which in use compressed respiratory
gas is supplied to the device and a closure means
displaceable from a first end position (whereat it
closes the inlet) to a second end position (whereat it
closes the inlgt) via an intermediate position
(whereat it opens the inlet), the closure means being
displaceable from the first end position to the sec-
ond end position and vice versa by means of a
pivotally-mounted lever which in turn is displaceable
by means of a diaphragm whose position is depen-
dent upon the pressure in the device.

In a preferred embodiment, the closure means
comprises a piston having an opening therethrough,
which opening overlaps with the inlet in the inter-
mediate position and which opening does not over-
lap with the inlet in the end positions. Preferably, the
piston is displaceable within a guide cylinder there-
for the guide cylinder having therein seal members
which form a seal between the cylinder and the pis-
ton.

In another preferred embodiment the closure
means comprises a piston having a cone at each of
its two ends, one of the cones bearing against a first
conical seat when the piston is at one end position
and the other of the cones bearing against a second
conical seat when the piston is at the other end posi-
tion.

In another preferred embodiment, the device
further comprises a by-pass line connecting the inlet
to the device and by-passing the closure means, the
by-pass being provided with a closure member, each
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of the closure member and the closure means being
connected to the pivotally-mounted lever by spring
means whereby, in the event that the wearer of the
device inhales sufficiently deeply to cause the clos-
ure means to close the inlet, the closure member can
open to allow compressed respiratory gas to enter
the device along the by-pass line.

The device of the invention may be used in a com-
pressed air respiratory device or a circulatory device.
Thus, for example, the device of the invention may
be used in a circulatory device such as a compressed
air respirator, the device of the invention, rather than
being disposed directly on the mask, being disposed
in the respiratory circuit and being connected in
parallel to the respiratory bag. In this case, the con-
struction of the device of the invention may be the:
same as its construction when used in a compressed
air respirator. Furthermore, for example, the device
of the invention may be disposed in an oxygen cir-
cuit such that the wall of the respiratory bag acts as
the diaphragm. -

For a better understanding of the invention, refer-
ence will now be made, by way of example, to the
accompanying drawings each of Figures 1 to 3 of
which is a sectional view of a device of the invention.

Figure 1 shows a lung-controlled valve 2 con-
nected to a respiratory protective mask 1 of a com-
pressed air protective device. The mask 1 is supplied
with respiratory gas by way of a supply line 3 con-
nected to the outlet of a pressure-reducing device
{not shown), the respiratory gas being supplied to an
inlet 4. Inside the lung-controlled valve 2, one side of
acontrol diaphragm 5 is acted upon at atmospheric
pressure by a spring 6. The other side of the diap-
hragm 5 is acted upon by pressure in the interior 7 of
the mask 1. One arm 28 of a pivoting lever 9,
swivel-mounted in a pivot 8, bears against the
diaphargm 5, while the other arm 29 of the lever 9 is
connected to a closure piston 11 by means of arod
10. The piston 11 is sealed with seals 12 in its guide
cylinder 27, and in one position connects the inlet 4
with the interior of the lung-controlied vaive 2, by
means of an opening 13. A spring 14 acts on the
piston 11 and holds the arm 28 in contact with the
diaphragm 5. The mask 1 has an exhaling valve 15to
the outside atmosphere.

The device shown in Figure 1 operates as follows.

(1) Inthe preparatory state, the closure valve of &
supply device for supplying compressed air to the
respiratory device is opened, the mask 1 not being:
worn by the user so that, in the interior 7 of the mask,
ambient pressure prevails. The pressure is released
from spring 6 and the diaphragm 5 is displaced to its
inward end position. Thus, the piston 11 is forced by
the lever 9 against the spring 14 so as to close the
inlet 4 and so as to interrupt the respiratory gas
stream.

(2) For the supply of the respiratory gas stream
after the mask 1 has been put on, the wearer
breathes out so that a superatmospheric pressure is
attained in the interior 7 of the mask. The exhaling
valve 15 does not open until a superatmospheric

pressure of about 7 mbar exists; when the pressure
is less, it remains closed. Accordingly, the diap-
hragm 5 is forced outwardly and the spring 6 is
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compressed. The piston 11 is correspondingly dis-
placed from its (first) end position by the spring 14.
When the superatmospheric pressure in the interior
7 of the mask reaches about 0.5 mbar, the opening
13 reaches tfre inlet 4 and the supply of respiratory
gas begins. The respiratory gas raises the superat-
mospheric pressure in the intesior 7 of the mask, and
with a further movement of the piston 11, brings
about firstly an increasing overlap and then a
decreasing overlap between the opening 13 and the”
inlet 4. When the superatmospheric pressure in the
interior 7 of the mask reaches about 6.5 mbar, the
opening 13 in the piston 11 iscut off from the inlet 4
and the respiratory gas stream is interrupted, the
piston 11 then being-in its other (second) end posi-
tion.

(3) During inhalatibn, a decrease in the superat-
mospheric pressure inithe interior 7 of the mask
occurs. Due to the related inward movement of the
diaphragm 5, the pistorris displaced from its second
position to its first end position, this allowing the
respiratory gas stream to.enter the mask. Thus, with
full overlap between the opening 13 and the inlet 4,
the respiratory gas stream is sufficient to replenish
the largest amounts inhaled and any losses through
normal leakages. When inhalation ceases, the piston
has attained again its second end position. Upon
exhalation, the exhaling valve 15 opens when a
superatmospheric pressure in the interior 7 of the
mask of above about 7 mbar is attained, and the
exhaled respiratory gas escapes into the atmos-
phere. The piston 11 remains in the second end posi-
tion during this exhalation.

(4) When the mask is removed from the wearer,
the superatmospheric pressure in the interior 7 of
the mask is released. By displacement of the diap-
hragm 5, the piston 11 is forced quickly from its sec-
ond end position to its first end position, whereby
the respiratory gas stream is interrupted. The pre-
paratory position is therefore reattained.

The device shown in Figure 2 is silimar to that
previously described, except that a double-cone pis-
ton 16 is used as the closure device. In the first end
position of piston 16, cone 17 thereof bears against
seat 18. In the second end:pasition of the piston 16,
cone 19 thereof bears against seat 20. The largest
respiratory gas stream results from a symmetrical
middle position of the piston 16, in which position
the respiratory gas from.the inlet 4 flows through the
annulus between cylindrical surface 21 and shaft 22
into the interior 7 of themask.

The device shown inFigure 3 is similarto that
shown in Figure 2. However, the double cone piston
is connected to lever 8; notvia the rod 10, but via a .
coupling spring 23. The lever 9 is also connected, by
means of a valve spring 24, to a valve 25 which
closes a by-pass line: 26 fromthe inlet 4. This con-~
struction is intended for respiratory protection ofthie
wearer when the wearer is carrying out physically
strenuous work. Thus, the annulus around the
double-cone piston 16 is chosen for a normal
respiratory gas throughflow. If, during heavy work,
particularly deep intakes of breath occur so that the
double-cone piston 16 reaches its first end position,
then further lowering of the pressure in the interior 7
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of the mask occurs as a result of inhalation, the valve
25 opens and the additional respiratory gas neces-
sary flows via the by-pass line 26 into the interior 7 of
the mask 7. When pressure returns to a normal
demand for respiratory gas, the device again oper-
ates automatically with constant superatmospheric
pressure in the interior of the mask.

it can be seen from Figures 1, 2 and 3 that, when
the devices are not being worn and when compres-
sed air is being supplied along line 3, any unneces-
sary outflow of respiratory gas is prevented.
Nevertheless, the devices are able to be used again
for respiration when put on. When the devices are
removed from the user, the lung-controlled valve is
automatically closed. When the devices are puton,
the lung-controlled valve is opened by the pressure
which is generated when the wearer exhales, and
the required superatmospheric pressure is main-
tained by the action of the piston. A further advan-
tage of the device shown in Figure 3 is that, because
of the larger amounts of respiratory gas supplied to
the device, itis possible for the wearer to carry out
physically strenuous work.

CLAIMS

1. Arespiratory device which operates at
superatmospheric pressure, the device including an
inlet through which in use compressed respiratory
gas is supplied to the device and a closure means
displaceable from a first end position (whereat it
closes the inlet) to a second end position (whereat it
closes the inlet) via an intermediate position
(whereat it opens the inlet), the closure means being
displaceable from the first end position to the sec-
ond end position and vice versa by means of a
pivotally-mounted lever which in turn is displaceable
by means of a diaphragm whose position is depen-
dent upon the pressure in the device.

2. Adevice as claimed in claim 1, wherein the
closure means comprises a piston having an open-
ing therethrough, which opening overlaps with the
inlet in the intermediate position and which opening
does not overlap with the inlet in the end positions.

3. Adevice as claimed in claim 2, wherein the
piston is displaceable within a guide cylinder there-
for, the guide cylinder having therein seal members
which form a seal between the cylinder and the pis-
ton. .

4. Adevice as claimed in claim 1, wherein the
closure means comprises a piston having a cone at
each of its two ends, one of the cones having a cone
at each of its two ends, one of the cones bearing
against a first conical seat when the piston is atone
end position and the other of the cones bearing
against a second conical seat when the piston is at
the other end position.

5. Adevice as claimed in any of claims 1 to 4,
further comprising a by-pass line connecting the
inlet to the device and by-passing the closure means,
the by-pass being provided with a closure member,
each of the closure member and the closure means
being connected to the pivotally-mounted lever by
spring means whereby, in the event that the wearer
of the device inhales sufficiently deeply to cause the
closure means to close the inlet, the closure member
can open to allow compressed respiratory gas to

70

enter the device along the by-pass line.

6. Adevice as claimed in claim 1, substantially as
hereinbefore described with reference to, and as
shown in, any of Figures 1 to 3 of the accompanying
drawings.
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