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Description

BACKGROUND

[0001] The present disclosure relates to a method for
controlling the breathing gas supply to one or more
breathing masks of an emergency oxygen supply device,
as well as to a device for the emergency supply of oxygen
for carrying out this method.
[0002] A pressurized cabin, in which a cabin pressure
ensuring the oxygen supply to the passengers amid an
adequate supply of fresh air is envisaged with today’s
common jet aircraft which have a cruising altitude of
10,000 m and more. Emergency oxygen supply systems,
with which the passengers can also be supplied with an
adequate quantity of oxygen when a case of decompres-
sion arises, thus a drop in the cabin pressure, are pro-
vided in order to be able to ensure the supply of oxygen
to the passengers given such an unexpected sudden
pressure drop at such an altitude. Such systems typically
include either pressurized oxygen containers or chemical
oxygen generators which lead the breathing gas or oxy-
gen via a conduit system to the breathing masks envis-
aged for the supply of the passengers, in an adequate
quantity. Thereby, the emergency oxygen system is to
be designed such that an adequate oxygen supply to the
passengers is ensured at the maximal flight altitude to
be expected. In contrast, the oxygen requirement reduc-
es with a falling altitude, since the oxygen share in the
surrounding air increases.
[0003] One constantly strives to keep the quantity of
oxygen or breathing gas which is to be carried along as
low as possible, since it is indeed the carrying-along of
oxygen, be it in pressurized containers or in generators,
which entails a significant weight which must be borne
by the aircraft and reduces the payload capacity. In order
to achieve this, the quantity of oxygen or breathing gas
which is dispensed to the breathing masks is controlled
in a manner dependent on cabin pressure according to
pertinent regulations. In the case of decompression, the
cabin pressure largely corresponds to the surrounding
air pressure which is essentially dependent on the alti-
tude of the aircraft. The oxygen quantity which is to be
fed to the passengers is a function of the cabin pressure
which is a function of the altitude, is stipulated in the per-
tinent regulations. Thereby, one constantly strives not
only to bring the oxygen quantity as close as possible to
the minimum-prescribed value, in order to maintain the
oxygen consumption as low as possible, but also to de-
sign technical devices which are employed as lightweight
and inexpensive as possible manner.
[0004] As described in EP 2004294 B1 entitled "A Res-
piratory Gas Supply Circuit for an Aircraft Carrying Pas-
sengers", it is counted as belonging to the state of the
art, to control the oxygen supply to the breathing masks
and which is dependent on the cabin pressure, which is
to say dependent on altitude, by way of an on/off valve.
The control of the oxygen quantity is effected using pulse

width modulation of the on/off valve.
[0005] The disadvantage thereby is that on one hand
the PID (Proportional Integral Derivative) modules nec-
essary for the production of the pulse-width modulation
signal are relatively complicated, and on the other hand
the energy requirement for the actuation of the valves is
comparatively high, since the valves are activated to
open in very short succession, in dependence on the
frequency of the pulse width modulation and need to be
held in an opening manner for a while depending on the
sampling degree. Accordingly, the valves must have a
very high switching durability.
US 2015/0290481 discloses a method according to the
preamble of claim 1.
[0006] According to a first aspect of the present inven-
tion, such a method is characterised by the characterising
features of claim 1.
[0007] In one aspect, the at least one valve is a mag-
netic valve. The actuation of the at least one valve in-
cludes supplying a triggering voltage to the at least one
valve.
[0008] In one aspect, the minimal error is between 10%
and 50% of the desired mass flow and the maximal error
is between 10% and 100% of the desired mass flow.
US 2015/0290481 discloses a system according to the
preamble of claim 4. According to a second aspect of the
present invention, such a system is characterised by the
characterising features of claim 4.
[0009] In one aspect, the oxygen source is an oxygen
storage device, breathing gas storage device, or an ox-
ygen generator.
[0010] In one aspect, the system further includes a
pressure sensor and the desired mass flow is determined
based on a signal from the pressure sensor.
[0011] In one aspect, the controlling the opening and
closing of the valve as a function of the desired mass
flow and the actual mass flow includes determining a
minimal error value and a maximal error value; causing
actuation of the valve to a closed position when a differ-
ence between the actual flow and the desired flow ex-
ceeds the maximal error value; and causing actuation of
the valve to an open position when a difference between
the desired flow and the actual flow exceeds the minimal
error value.
[0012] In the accompanying drawings:

FIG. 1 is a circuit diagram of a device for the emer-
gency oxygen supply in an aircraft;

FIG. 2 is a schematic that shows a curve of the de-
sired mass flow in dependence on the cabin pres-
sure;

FIG. 3 shows three diagrams which correspond with
regard to the temporal course; and specifically

FIG. 3A the summed actual mass flow;
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FIG. 3B the desired mass flow over time;

FIG. 3C the switching impulses for switching over
the valve, over time;

FIG. 4A, 4B show the detail A of FIGS. 3A and 3B,
in an enlarged representation;

FIG. 5 is a flowchart illustrating a method to control
breathing gas supply according to an example;

FIG. 6A, 6B show circuit diagrams of a system for
measuring the flow of oxygen according to one ex-
ample; and

FIG. 7 is a schematic that shows a c-curve of a
breathing mask according to one example.

DETAILED DESCRIPTION OF ILLUSTRATIVE EM-
BODIMENTS

[0013] When experiencing an emergency decompres-
sion, an emergency supply of oxygen is provided to crew
and passengers of an aircraft, from compressed oxygen
storage containers, or as a result of a chemical reaction
between two or more reagents. When the aircraft reaches
10,000 feet the passengers can safely breathe atmos-
pheric air and the emergency supply of oxygen may be
stopped. Many land masses extend above 10,000 feet
and thus, the aircraft may not descend to 10,000 feet, an
alternative yet safe flight profile is possible in which upon
decompression the aircraft descends to a safe holding
altitude, which would be above, 10,000 feet, and prefer-
ably around 25,000 feet, while the passengers and crew
are supplied with oxygen enriched gas.
[0014] Referring now to FIG. 1, an emergency oxygen
supply device is provided according to one example. Be-
ginning with a pressure-leading conduit 1 for oxygen,
which is fed by an oxygen stored device, a compressed
gas bottle, or an oxygen producer is connected via a valve
2 (e.g., magnetic latching valve such as a bistable magnet
on/off valve) to a group of breathing masks 3, of which
here two are shown by way of example. The valve 2 is
configured to block or release a conduit connection. In
embodiments using a bistable magnet on/off valve 2, the
valve provides energy savings since only one switching
impulse is produced for switching over the valve. In par-
ticular, no further energy is to be supplied, particularly in
the opened position, as is otherwise the case with simple
magnet valves. The valve may include a permanent mag-
net and a coil. The latching valve is stable in either shifted
state due to the permanent magnet. The valve 2 may
stay in either state indefinitely without drawing power.
When the valve is energized with a negative pulse (e.g.,
to the coil), the valve changes from an open to a closed
position. When the valve is energized with a positive
pulse, the valve changes from a closed position to an
open position. The valve 2 is connected to breathing

masks 3 via the conduit.
[0015] The breathing masks 3 are passenger oxygen
masks common in civilian air travel as would be under-
stood by one of ordinary skill in the art. The breathing
masks 3, for example, may be provided with a breathing
bag 4 arranged upstream as would be understood by one
of ordinary skill in the art. The breathing bag 4 represents
a buffer for the oxygen supply. In one embodiment, the
breathing mask 4 is provided with an auxiliary air valve.
In one embodiment, the number of the breathing masks
is preferably two to six breathing masks connected to the
pressure-leading conduit.
[0016] In some embodiments, a flow mass meter 5 is
provided in the conduit to the breathing masks 3, at the
exit side of the valve 2. The flow mass meter 5, for ex-
ample, can include a mass flow sensor, a volume sensor,
or in another suitable manner as would be understood
by one of ordinary skill in the art. The flow mass meter
5, for example, is configured to detect or estimate the
actual mass flow of oxygen to the breathing masks 3.
The actual mass flow measurement is effected continu-
ously or in sufficiently short intervals, for example be-
tween one millisecond to 100 ms.
[0017] A control and regulation unit 7 is provided, which
controls the magnet valve 2 as a function of both cabin
pressure and flow mass to the breathing masks 3. A sig-
nal or measurement from the flow mass meter 5, for ex-
ample, may be supplied to the control and regulation unit
7. In the event of failure of the flow mass meter 5, a default
flow may be assumed. For example, the control and reg-
ulation unit 7 may adjust setpoints (e.g., desired mass
flow, minimal and maximal error values) for maximized
mass flow. Thus, a minimum oxygen flow is provided
even in a failure case.
[0018] In some embodiments, a pressure sensor 6 is
provided, which detects the cabin pressure within the air-
craft. The pressure sensor 6 may be remotely located,
such as within a central control system. The pressure
sensor 6 may be connected to one or more control and
regulation units. For example, a pressure sensor provid-
ed in a main cabin control unit may supply a cabin pres-
sure measurement to the control and regulation unit 7.
The pressure sensor 6 may be one of the pressure sen-
sors available in the aircraft, its value being available
upon connection to the aircraft communications bus. In
other embodiments, a dedicated pressure sensor 6 is
provided with the control and regulation unit 7. For ex-
ample, in order to ensure a reliable reading of the pres-
sure independent of the aircraft bus system, each control
and regulation unit 7 may be provided with its own pres-
sure sensor. In further embodiments, upon failure of a
dedicated pressure sensor 6, the control and regulation
unit 7 may obtain a cabin pressure measurement from a
central control system, for example via a central commu-
nications bus of the aircraft.
[0019] In some embodiments, an altimeter signal or
measurement is supplied to the control and regulation
unit 7, for example, via an altimeter 25. The altimeter
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measurement, for example, may be provided by the cen-
tral aircraft control via the central communications bus.
The altimeter signal or measurement may identify a cur-
rent elevation of travel of the aircraft.
[0020] The control and regulation unit 7, in some em-
bodiments, includes a first computation unit 8, a second
computation unit 9, and a third computation unit 10. The
units described herein may be implemented as either
software and/or hardware modules and may be stored
in any type of computer-readable medium or other com-
puter storage device. For example, each of the units de-
scribed herein may be implemented in circuitry that is
programmable (e.g. microprocessor-based circuits) or
dedicated circuits such as application specific integrated
circuits (ASICS) or field programmable gate arrays (FP-
GAS). In one embodiment, a central processing unit
(CPU) could execute software to perform the functions
attributable to each of the units described herein. The
CPU may execute software instructions written in a pro-
graming language such as Java, C, or assembly. One or
more software instructions in the modules may be em-
bedded in firmware, such as an erasable programmable
read-only memory (EPROM). In one example, the control
and regulation unit 7 is formed by a microprocessor.
[0021] The first computation unit 8, in some implemen-
tations, determines a desired mass flow based on the
cabin pressure. The desired mass flow is the flow asso-
ciated with the cabin pressure, in order to supply the con-
nected breathing masks 3 or the persons connected
thereto, with the required quantity of oxygen. The desired
mass flow, in some examples, may be determined using
values stored in a tabular form, in a curve, or an algorithm.
For example, the first computation unit may apply the
cabin pressure determined via the pressure sensor 6 to
a look-up table to determine the desired mass flow. Since
the cabin pressure represents the flight altitude and the
oxygen of the surrounding air which results from the flight
altitude, in some embodiments, an altimeter reading may
be used in addition to or in lieu of the cabin pressure
measurement. For example, in the event of failure of the
cabin pressure sensor 6, the first computation unit 8 may
receive an altimeter reading for determining the desired
mass flow.
[0022] In some embodiments, the second computation
unit 9 determines the desired values (set points) and error
values for closed-loop control, as a function of the desired
mass flow determined by the first computation unit 8. The
mass flow over time is summed in the third computation
unit 10 as a function the signal detected by the flow mass
meter 5, and the current or actual error value to the de-
sired mass flow is determined. In some implementations,
the second computation unit 9 receives input from the
altimeter 25 for tracking cruising altitude over time to
more accurately determine set points and error values.
Further, in certain embodiments, the cabin pressure may
be fed to the second computation unit 9 from the pressure
sensor 6 for use in estimating cruising altitude over time.
For example, when a fault is detected in the pressure

sensor 6 (e.g., when the measurements are out of range),
the second computation unit 9 may determine the desired
values based on values received from the altimeter 25.
[0023] A maximal and minimal error value are set, in
some embodiments, in the third computation unit 10.
When either the maximal or minimal error value is
reached, the third computation unit 10 may send a signal
to actuate the valve 2. That is, the valve 2 receives a
switching impulse for change-over when either the max-
imal or minimal error value is reached. Determination of
maximal and minimal error values is described in greater
detail below in relation to FIGS. 3A-C and FIGS. 4A and
4B.
[0024] In one embodiment, the control and regulation
unit 7 is connected to one valve 2. The number of valves
in an aircraft, for example, is in part a function of the
number of breathing masks that may be connected to
the valve 2 while maintaining adequate pressure for ox-
ygen delivery to the breathing masks 3. The number of
masks supplied by each valve, for example, is a function
of the maximum oxygen flow of the valve 2. For example,
in a large aircraft (e.g., 300 passengers) and assuming
three masks are connected to each valve, then a total of
one hundred control and regulation units may be used.
In other embodiments, fewer control and regulation units
may be used, with each control and regulation unit con-
trolling a number of valves presented in parallel, each
valve supplying oxygen to a particular bank of breathing
masks. In one example, the control and regulation unit 7
may control two or more magnet valves by individually
calculating and outputting the desired values to the two
or more valves.
[0025] An example oxygen flow of a breathing mask is
by c-curve 700 of FIG. 7. Curve 700 shows the flow as
a function of the cabin altitude. Curve 700 may be stored
in the second computation unit 9. The flow of oxygen per
minute is a function of the mask performance. For exam-
ple, the maximum flow rate may be 3.1 L/min at an altitude
of 40,000 feet. The flow rate decreases with the altitude.
The flow rate at the holding altitude may be 1L/min.
[0026] FIG. 2 is a schematic that shows the desired
mass flow as a function of the cabin pressure, which is
to say in dependence on the flight altitude or the sur-
rounding pressure. Curve 11 may be stored in the first
computation unit 8. A likewise pressure-dependent max-
imal error is shown by curve 12 and is represented with
respect to curve 11. A minimal error is shown by curve
13 and is represented below the curve 11. The curves
12 and 13, as FIG. 2 clearly shows, in their course follow
the curve 11 which represents the desired mass flow in
dependence on the cabin pressure, but are shifted by a
certain amount to the top (curve 12) or to the bottom
(curve 13), thus mark the error band or tolerance band
around the curve 11. These curves 12 and 13 are stored
in the computation unit 10.
[0027] The control of the valve 2 is represented in
FIGS. 3A-C and FIG. 4A and B. A maximal error value
14 is derived from the curve 12 and a minimal error value
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15 is derived from the curve 13, in FIGS. 3A and 4A re-
spectively. Curve 16 in FIGS. 3B and 4B represents the
desired mass flow.
[0028] The maximal error value is preferably set be-
tween 10% and 100% above the desired mass flow. The
greater the maximal error, the lower is the number of
switching cycles. The minimal error value preferably lies
between 10% and 50% below the desired mass flow. The
switching frequency of the valve drops with an increasing
minimal error value.
[0029] In one embodiment, the error values are select-
ed such that with regard to the temporal average, the
actual mass flow corresponds at least to the desired mass
flow or is preferably slightly greater, in order to ensure
an adequate oxygen supply to the passengers under all
circumstances.
[0030] In one embodiment, the error values are select-
ed such that after the first cycle, the actual mass flow
corresponds to the desired mass flow or is larger than
the desired mass flow.
[0031] Beginning with the emergency oxygen supply,
referencing the system described in relation to FIG. 1,
the valve 2 is activated to open firstly at the point in time
t0. By way of this, oxygen flows through the conduit 1
and the opened valve 2 to the breathing masks 3. The
quantity of the oxygen flowing through is detected via the
flow mass sensor 5, and the error value resulting with
respect to the desired mass flow is temporally summed
in the third computation unit 10. The summing is repre-
sented in FIGS. 3A and 4A. Thereby, firstly initially an
undersupply is to be ascertained, until, with an opened
valve 2, the actual mass flow flowing through the valve
has exceeded the desired mass flow and has reached
the maximal error value 14. At this point in time t1, the
valve 2 is changed-over by way of a switching impulse
17, whereupon it is closed and thus no further oxygen
flows to the breathing masks 3.
[0032] An increasing error value results with increasing
time, which is to say that firstly a reduction of the over-
supply of the preceding switching interval, and then an
undersupply with respect to the desired value or setpoint
16, until finally this is fallen short of and a minimal error
value 15 is reached, which is stored in the control and
regulation unit 7, in particular in the third computation
unit 10. As soon as the minimal error value 15 has been
reached, which is to say when the curve 13 has been
reached and is just fallen short off, thus when the minimal
error value 15 is reached or just fallen short of with regard
to magnitude, specifically at the point in time t2, then the
valve 2 is reversed by way of a switching impulse and
from now on is opened, so that oxygen flows through the
conduit 1 to the breathing masks 3. With this, firstly the
past undersupply is covered. Then, with increased time
and with an opened valve 2, more oxygen flows through
than is envisaged according to the desired value (set-
point) curve 16. This is effected until the mass flow has
reached a maximal error value 14, specifically at the point
in time t3, and the magnet valve 2 is switched over closed.

If thereafter, the desired curve 16 is firstly fallen short of
due to an undersupply and finally the minimal error value
15 is reached, at the point in time t4 a switching impulse
20 is issued by the computation unit 10 which switches
over the magnet valve 2 which is to say now activates to
open, so that the oxygen flows again. This method is
continuously repeated so that with a suitable sampling
rate, preferably between 1 and 200 ms, here for example
5 ms, an oxygen supply is reached, which practically ex-
actly corresponds to the desired supply.
[0033] FIG. 3B shows the desired values at two alti-
tudes. In particular, a first desired value (setpoint) 16a is
associated with a first altitude. A second desired value
16b is associated with a second altitude lower than the
first altitude. Thus, the first desired value 16a represents
a higher flow than the second desired value 16b.
[0034] As FIG. 3B in particular shows, on one hand the
switching procedures per se are comparatively low, since
the valve 2 is merely switched over on reaching a max-
imum or minimum error, but no high-frequency activation
of the valve is necessary, as is common with pulse width
modulation. The activation is moreover significantly bet-
ter adapted to the actual oxygen requirement, since the
method is not limited to a frequency and a sampling de-
gree, as is necessary with pulse width modulation.
[0035] Further, flows 23, 24 of FIG. 3B show example
mass flow at a higher input pressure, therefore the oxy-
gen flow is higher. Thus the upper error value 14 is
reached faster and the valve is switched off faster as
shown by switching pulses 21 and 22.
[0036] The previously described closed-loop control
method sums the errors of the control variable for the
control of the valve 2. Thereby, the error value is summed
into a desired value (setpoint) which is determined in a
pressure-dependent manner in the first computation unit
8 of FIG. 1 by way of predefined values. If the error sum
reaches the upper error value 14 given an opened valve
2, then the valve 2 is reversed. Only when the error sum
reaches the lower defined error value 15 (FIG. 3A) is the
valve again switched over and thus opened. Thus it is
always only one energy impulse is required for the switch-
ing, not for the holding of the opened valve, as can be
clearly recognized by way of FIG. 3C which diagrams
both positive and negative voltage impulses actuating
the valve 2 to accomplish the flow profile of FIG. 3B.
[0037] FIG. 5 is a flowchart illustrating a method 500
to control breathing gas supply when a decompression
arises according to an example. The method 500, for
example, may be performed by the control and regulation
unit 7 described in relation to FIG. 1. The method 500,
in a particular example, may be used to effect the flow
profile illustrated in FIG. 3B.
[0038] In some implementations, the method 500 be-
gins with determining the desired mass flow to initiate
oxygen flow (502). As described previously herein, the
desired mass flow may be based on the cabin pressure.
In one example, when the cabin pressure is not available,
for example due to a technical failure, a predefined value
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may be used. The predefined value may be the desired
mass flow associated with an altitude of 35,000 feet. The
predefined value may also be determined based on the
typical cruising altitude of the aircraft (e.g., based on the
flight route) or the aircraft type (e.g., maximum flying al-
titude of the aircraft). Alternatively, an altimeter reading
may be used to estimate cabin pressure based upon a
current cruising altitude. The desired mass flow, in one
example, is set by the first computation unit 8 of FIG. 1.
[0039] In some implementations, a first maximal error
(e.g., 50% above the desired mass flow) and a first min-
imal error (e.g., 10 % below the desired mass flow) may
be set (504). The first maximal error and the second max-
imal error, for example, may be determined based on the
desired mass flow. The second computation unit 9 of
FIG. 1, for example, may set the first maximal error and
the first minimal error.
[0040] In some implementations, a valve disposed be-
tween an oxygen source and a number of oxygen masks
is actuated to an open position to begin oxygen flow to
the oxygen masks (506). The valve, for example, may
be a magnetic valve actuated through a voltage impulse.
The trigger mechanism causing the valve to actuate to
the open position, for example, may be effected by the
third computational unit 10 of FIG. 1.
[0041] In some implementations, a difference between
an actual mass flow measurement and the desired mass
flow is determined (508). The determination may be ef-
fected by the third computation unit 10 of FIG. 1. In some
embodiments, the actual mass flow measurement is an
average of a series of mass flow measurements taken
over time, for example to avoid making decisions based
upon anomalous or inaccurate measurements. Further,
in some embodiments, one or more inaccurate readings
(e.g., outside a reasonable or reliable range of measure-
ments) may be discarded in determining the actual mass
flow measurement. The difference between the actual
mass flow and the desired mass flow may be compared
to the maximal error to determine whether the reading is
within tolerance.
[0042] In some implementations, if the difference be-
tween the actual and desired mass flow exceeds the max-
imal error (510), the valve is actuated to a closed position
to stop oxygen flow to the oxygen masks (512). The trig-
ger mechanism causing the valve to actuate to the closed
position, for example, may be effected by the third com-
putational unit 10 of FIG. 1.
[0043] In some implementations, a difference between
an actual mass flow measurement and the desired mass
flow is determined (514). The determination, for example,
may be effected by the third computation unit 10 of FIG. 1.
[0044] In response to determining that the difference
between the actual and desired mass flow exceeds the
first minimal error (516), in some implementations, it is
determined whether there is a change in the cabin pres-
sure (518). The determination may be effected by the
first computation unit 8 of FIG. 1 based on measurement
received from the pressure sensor 6 of FIG. 1. Alterna-

tively, the determination may be effected based on the
flight altitude. The flight altitude may be determined by
the altimeter 25 of FIG. 1. Then, a look-up table may be
referenced to determine a cabin pressure associated with
the flight altitude.
[0045] In some implementations, it is determined
whether the aircraft is flying at a safe altitude (522). If the
cabin pressure and/or altitude, for example, is indicative
of a safe cruising altitude for proceeding without emer-
gency oxygen (522), the method 500 may end. For ex-
ample, at a cruising altitude of 10,000 feet, oxygen levels
within the cabin may be adequate without supply of ox-
ygen through the breathing masks. The determination
may be effected by the second computation unit 9 based
on received altitude measurements. The altitude meas-
urement, for example, may be provided by the altimeter
25 of FIG. 1.
[0046] In some implementations, where there is a
change in cabin pressure (520) and/or altitude (522), a
new desired mass flow is determined (524). For example,
the new desired mass flow may be effected by the first
computation unit 8 of FIG. 1. In a particular example, a
look-up table may be referenced to determine the desired
mass flow based on a change in the flight altitude.
[0047] In some implementations, the minimal error and
maximal error are updated based upon the updated de-
sired mass flow (524). The updated maximal error and
the updated minimal error, for example, may be deter-
mined based on the new desired mass flow. The second
computation unit 9 of FIG. 1, for example, may set the
updated maximal error and the updated minimal error.
[0048] In some implementations, based upon the min-
imal error being reached (516), whether or not the cabin
pressure has changed (520), as long as the cruising al-
titude has not yet reached a safe altitude (522), the meth-
od 500 returns to actuating the valve to an open position
(506) and monitoring the mass flow (508, 510). The mass
flow will be monitored, in the circumstance that the cabin
pressure and/or altitude changed, based upon the up-
dated desired mass flow (524).
[0049] Although described as a particular series of op-
erations, in some implementations, the method 500 may
be performed in a different order. For example, in some
embodiments, the cruising altitude may be monitored for
a safe altitude (522) on an ongoing and/or periodic basis
not connected with whether or not the cabin pressure
has changed and/or the valve has actuated to the closed
position. In another example, in other embodiments, the
desired mass flow may be updated (524) prior to actuat-
ing the valve to the closed position (512), based upon,
for example, a change in cabin pressure and/or cruising
altitude. In further embodiments, the first maximal and
minimal error values may be determined (504) before
determining the desired mass flow (502). For example,
the second computation unit 9 of FIG. 1, may set the first
maximal error and the first minimal error as a function of
the cabin pressure by referencing a look-up table. In ad-
ditional embodiments, the first maximal and minimal error
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values may be determined (504) independently from the
desired mass flow (502) and the cabin pressure. Thus,
the first maximal and minimal error values may be pre-
defined values. Thus, the maximal and minimal error val-
ues may not be updated upon the updated desired mass
flow (524).
[0050] In some implementations, more or fewer steps
may be included in the method 500. For example, in some
embodiments, once a predetermined period has
elapsed, a predefined holding altitude (e.g., 25,000 feet)
is assumed. Thus, the desired mass flow is set to the
mass flow associated with the predefined holding alti-
tude. For example, a 6,000 feet/minute rapid descent
may be assumed and the predetermined period may be
set to 5 minutes.
[0051] The methods and systems according to the
present disclosure is thus not to modulate the sampling
degree of the rectangular impulse, thus the width of the
impulse, at a constant frequency, as with the state of the
art, but to firstly activate the valve in an opening manner
until the error between the actual mass flow and the pres-
sure-dependently set desired mass flow and which is
summed over time exceeds a previously fixed maximum
error value. That is, to hold the valve open for so long
until more oxygen has been supplied to the breathing
mask or breathing masks, than this would be necessary
in a manner dependent on cabin pressure. Only when
the actual mass flow, which means to say the oxygen
quantity which is summed over time exceeds the desired
oxygen quantity envisaged for this time by a certain
amount, thus by a maximal error valve, is the valve then
changed over, in order in a second method step to acti-
vate this in a closing manner until the error between the
actual mass flow and the desired mass flow and which
is summed over time exceeds a minimal error value,
which means in order to keep the valve closed until less
oxygen has been fed to the breathing mask or breathing
masks than would be necessary in a manner dependent
on cabin pressure, whereupon the cycle is repeated be-
ginning with actuating the valve to an open position.
Thereby, that which has been supplied in excess or that
which has been supplied too little is taken into account
with the subsequent method step. It is evident that the
oxygen quantity which has been previously fed in excess
due to the fixed error value is taken into account with the
subsequent method step, in which the valve is activated
to close, by way of the alternating changing-over of the
valve, so that a very high closed-loop control accuracy
can be achieved despite the comparatively short switch-
ing cycle number.
[0052] In some implementations, the methods and sys-
tems may be based on volume values (detected by vol-
umetric flow detection). For example, an actual volume
flow and a desired volume flow.
[0053] The methods and systems described herein
can also be used without any problem if the desired mass
flow changes, if for example the aircraft is in descent,
since then the maximal and the minimal error value ac-

cording to the curves 12 and 13 are adapted, and due to
the summing of the error values, it is always ensured that
the desired mass flow is also achieved. This closed-loop
control is largely insensitive to disturbance parameters
and avoids the inherent problems of a PID closed loop
control as is typically applied with the state of the art.
[0054] Since flow sensors (e.g., flow mass meter 5)
are technologically comparatively complicated, accord-
ing to a further development of the disclosure, it can be
advantageous to arrange a valve downstream of the
valve 2 (FIG. 1) and to dimension the valve downstream
(e.g., nozzle, orifice) in a manner such that a supersonic
flow, i.e. overcritical flow, with which the flow quantity is
essentially proportional to the pressure prevailing at the
nozzle, sets in with the expected operating range. Then,
a pressure sensor is advantageously arranged between
the on/off valve and the nozzle. The actual mass flow is
determined as a function of the temporal course of the
pressure. The pressure in front of the nozzle is essentially
proportional to the mass flow, i.e. the mass stream
through the nozzle, so that the mass flow to the passen-
ger oxygen masks can be determined by way of the pres-
sure.
[0055] Referring now to FIG. 6A, a pressure metering
run is shown. The pressure metering run may include a
pressure transducer 600 and an orifice 602. The pressure
metering run is positioned at the exit side of the valve 2.
The performance of the orifice meter system is a function
of the precision of the orifice (or nozzle) and the accuracy
of the pressure transducer. At low flow rates, the errors
in the pressure transducer measurement can lead to a
large error in the actual flow rates. For this reason, two
or more pressure metering runs are provided.
[0056] The multiple pressure metering runs are oper-
ated in parallel. In this example, when the total flow is
great all pressure metering runs are operated and the
flow rates are summed to yield a total flow measurement.
When the total flow rate decreases, individual pressure
metering runs may be disabled, resulting in increased
flow rates through the remaining pressure metering runs.
Each pressure metering run may be controlled using a
switch 604.
[0057] Referring now to FIG. 6B, three pressure me-
tering runs are shown. The control and regulation unit 7,
for example, may activate/deactivate the pressure me-
tering runs as a function of the altitude. The orifices 602a,
602b, 602c, in some embodiments, have equal diameter.
In other embodiments, each of the orifices may be of
different diameter. In one embodiment, the diameter of
the first orifice 26a may be associated with a mass flow
associated with a first altitude range and the second or-
ifice 26b may be associated with a mass flow associated
with a second altitude range. Thus, the control and reg-
ulation may activate switch 604a or 604b based on the
current altitude.
[0058] The orifice may be a simple orifice to constrain
the oxygen enriched gas to flow, or may include a variable
orifice the cross section of which may be varied according
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to operating conditions, by for example, the control and
regulation unit 7.
[0059] In some embodiments, two or more differential
pressure transducers may be used in parallel for each
orifice. Each of the two or more differential pressure
transducers may be configured for a different flow rate
(i.e., one for low flow, another for high flow).
[0060] The method described herein can reduce the
switching frequency of the on/off valve in comparison to
known methods. Thus, valves with lower switching reli-
ability can be employed, or with the same switching re-
liability ensures an increased safety from failure.
[0061] The foregoing detailed description of the inno-
vations included herein is not intended to be limited to
any specific figure or described embodiment. One of or-
dinary skill would readily envision numerous modifica-
tions and variations of the foregoing examples, and the
scope of the present disclosure is intended to encompass
all such modifications and variations. Accordingly, the
scope of the claims presented is properly measured by
the words of the appended claims using their ordinary
meanings, consistent with the descriptions and depic-
tions herein.

Claims

1. A method for controlling a breathing gas supply to a
plurality of breathing masks (3) in a passenger air-
craft, the method comprising:

determining, by processing circuitry (7), a de-
sired mass flow, a maximal error, and a minimal
error;
causing, by the processing circuitry, actuation
of at least one valve (2) to an open position; and
controlling, by the processing circuitry, mass
flow of the breathing gas supply to the plurality
of breathing masks (3), wherein controlling com-
prises

a) monitoring an actual mass flow of breath-
ing gas supply to the plurality of breathing
masks through measurements obtained
from a mass flow metering apparatus (5),
b) determining the actual mass flow ex-
ceeds the desired mass flow by at least the
maximal error,
c) responsive to determining the actual
mass flow exceeds the desired mass flow,
causing actuation of the at least one valve
(2) to a closed position,
d) continuing monitoring the actual mass
flow,
e) determining the desired mass flow ex-
ceeds the actual mass flow by at least the
minimal error,
f) responsive to determining the desired

mass flow exceeds the actual mass flow,
causing actuation of the at least one valve
(2) to an open position, and repeating steps
(a) through (f);

wherein controlling the mass flow of the breath-
ing gas supply to the plurality of breathing masks
(3) further comprises:

monitoring at least one of a cabin pressure
and an altitude of the passenger aircraft;
and updating, based upon a change in at
least one of the cabin pressure and the al-
titude, one or more of the minimal error, the
maximal error, and the desired mass flow;
characterised in that the mass flow meter-
ing apparatus (5) comprises a plurality of
pressure metering runs arranged down-
stream of the valve, each pressure metering
run including a nozzle, and a pressure trans-
ducer (600), the measurements obtained
from the mass flow metering apparatus
comprise signals produced by the pressure
transducers (600);
in that controlling the mass flow of the
breathing gas supply to the plurality of
breathing masks further comprises control-
ling a respective switch (604) of at least one
pressure metering run of the plurality of
pressure metering runs based on at least
one of a cabin pressure, an altitude of the
passenger aircraft, and the desired mass
flow; and
in that controlling the respective switch
(604) comprises enabling at least two pres-
sure metering runs of the plurality of pres-
sure metering runs in parallel.

2. The method of claim 1, wherein the at least one valve
(2) is a magnetic valve, and causing actuation of the
at least one valve comprises supplying a triggering
voltage to the at least one valve.

3. The method of claim 1, wherein the minimal error is
between 10% and 50% of the desired mass flow and
the maximal error is between 10% and 100% of the
desired mass flow.

4. A system for controlling an emergency oxygen sup-
ply in a passenger aircraft, the system comprising:

a valve (2) disposed between an oxygen source
and a plurality of breathing masks (3);
a means (5) for measuring mass flow disposed
between the valve and the plurality of breathing
masks; and
processing circuitry (7) configured to determine
a desired mass flow, monitor over time an actual
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mass flow based upon measurements supplied
by the means for measuring mass flow, and
control opening and closing of the valve (2), dur-
ing monitoring, as a function of the desired mass
flow and the actual mass flow;
wherein the control circuitry is configured to con-
trol the mass flow of the breathing gas supply to
the plurality of breathing masks (3) by monitoring
at least one of a cabin pressure and an altitude
of the passenger aircraft; and updating, based
upon a change in at least one of the cabin pres-
sure and the altitude, one or more of the minimal
error, the maximal error, and the desired mass
flow; characterized in that the means for meas-
uring mass flow comprises a means for produc-
ing a supersonic flow and a pressure transducer;
in that the means for measuring mass flow com-
prises a plurality of pressure metering runs ar-
ranged downstream of the valve, each pressure
metering run including a means for producing a
supersonic flow and a pressure transducer;
in that the processing circuitry is configured to
actuate at least one switch (604) to enable and
disable at least one pressure metering run of the
plurality of pressure metering runs; and
in that the processing circuitry is configured to
determine, prior to actuating the at least one
switch, at least one of a change in cabin pressure
and a change in altitude, wherein a position of
the at least one switch is selected based upon
the at least one of the change in cabin pressure
and the change in altitude.

5. The system of claim 4, wherein the oxygen source
is an oxygen storage device, breathing gas storage
device, or an oxygen generator.

6. The system of claim 4, further comprising:

a pressure sensor; and
wherein the desired mass flow is determined
based on a signal from the pressure sensor.

7. The system of claim 4, wherein controlling the open-
ing and closing of the valve as a function of the de-
sired mass flow and the actual mass flow comprises:

determining a minimal error value and a maximal
error value;
causing actuation of the valve to a closed posi-
tion when a difference between the actual flow
and the desired flow exceeds the maximal error
value; and
causing actuation of the valve to an open posi-
tion when a difference between the desired flow
and the actual flow exceeds the minimal error
value.

Patentansprüche

1. Verfahren zum Steuern einer Atemgaszufuhr zu ei-
ner Mehrzahl von Atemmasken (3) in einem Passa-
gierflugzeug, wobei das Verfahren umfasst:

Festlegen eines gewünschten Massenstroms,
eines maximalen Fehlers und eines minimalen
Fehlers durch eine Verarbeitungsschaltung (7);
Veranlassen der Betätigung mindestens eines
Ventils (2) in eine offene Stellung durch die Ver-
arbeitungsschaltung; und
Steuern des Massenstroms der Atemgaszufuhr
zu der Mehrzahl von Atemmasken (3) durch die
Verarbeitungsschaltung, wobei das Steuern
umfasst

a) Überwachen eines tatsächlichen Mas-
senstroms der Atemgaszufuhr zu der Mehr-
zahl von Atemmasken durch Messungen,
die von einer Massenstrom-Messvorrich-
tung (5) erhalten werden,
b) Feststellen, dass der tatsächliche Mas-
senstrom den gewünschten Massenstrom
um mindestens den maximalen Fehler
überschreitet,
c) als Reaktion auf die Feststellung, dass
der tatsächliche Massenstrom den ge-
wünschten Massenstrom übersteigt, Ver-
anlassen der Betätigung des mindestens ei-
nen Ventils (2) in eine geschlossene Posi-
tion,
d) Fortsetzen des Überwachens des tat-
sächlichen Massenstroms,
e) Feststellen, dass der gewünschte Mas-
senstrom den tatsächlichen Massenstrom
um mindestens den minimalen Fehler über-
schreitet,
f) als Reaktion auf die Feststellung, dass
der gewünschte Massenstrom den tatsäch-
lichen Massenstrom überschreitet, Veran-
lassen der Betätigung des mindestens ei-
nen Ventils (2) in eine offene Position und
Wiederholen der Schritte (a) bis (f);

wobei das Steuern des Massenstroms der
Atemgaszufuhr zu der Mehrzahl von Atemmas-
ken (3) ferner umfasst:

Überwachen eines Kabinendrucks
und/oder einer Höhe des Passagierflug-
zeugs; und Aktualisieren des minimalen
Fehlers, des maximalen Fehlers und/oder
des gewünschten Massenstroms auf der
Grundlage einer Änderung des Kabinen-
drucks und/oder der Höhe;
dadurch gekennzeichnet, dass die Vor-
richtung (5) zur Messung des Massen-
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stroms eine Mehrzahl von Druckmessstre-
cken umfasst, die stromabwärts des Ventils
angeordnet sind, wobei jede Druckmess-
strecke eine Düse und einen Druckmess-
wandler (600) enthält, wobei die von der
Vorrichtung zur Messung des Massen-
stroms erhaltenen Messungen Signale um-
fassen, die von den Druckmesswandlern
(600) erzeugt werden;
dass das Steuern des Massenstroms der
Atemgaszufuhr zu der Mehrzahl von Atem-
masken ferner das Steuern jeweils eines
Schalters (604) mindestens einer Druck-
messstrecke der Mehrzahl von Druckmess-
strecken auf der Grundlage von Kabinen-
druck, Höhe des Passagierflugzeugs
und/oder gewünschtem Massenstrom um-
fasst; und
dass das Steuern des jeweiligen Schalters
(604) das parallele Aktivieren von mindes-
tens zwei Druckmessstrecken der Mehr-
zahl von Druckmessstrecken umfasst.

2. Verfahren nach Anspruch 1, bei dem das mindes-
tens eine Ventil (2) ein Magnetventil ist, und das Be-
wirken der Betätigung des mindestens einen Ventils
das Anlegen einer Auslösespannung an das min-
destens eine Ventil umfasst.

3. Verfahren nach Anspruch 1, bei dem der minimale
Fehler zwischen 10 % und 50 % des gewünschten
Massenstroms liegt und der maximale Fehler zwi-
schen 10 % und 100 % des gewünschten Massen-
stroms liegt.

4. System zum Steuern einer Notsauerstoffversorgung
in einem Passagierflugzeug, wobei das System um-
fasst:

ein Ventil (2), das zwischen einer Sauerstoff-
quelle und einer Mehrzahl von Atemmasken (3)
angeordnet ist;
ein Mittel (5) zum Messen des Massenstroms,
das zwischen dem Ventil und der Mehrzahl von
Atemmasken angeordnet ist; und
eine Verarbeitungsschaltung (7), die konfigu-
riert ist, um einen gewünschten Massendurch-
fluss festzulegen, im Laufe der Zeit einen tat-
sächlichen Massendurchfluss auf der Grundla-
ge von Messungen zu überwachen, die von der
Einrichtung zum Messen des Massendurchflus-
ses geliefert werden, und
das Öffnen und Schließen des Ventils (2) wäh-
rend der Überwachung in Abhängigkeit von dem
gewünschten Massenstrom und dem tatsächli-
chen Massenstrom zu steuern;
wobei die Steuerschaltung konfiguriert ist, um
den Massenstrom der Atemgaszufuhr zu der

Mehrzahl von Atemmasken (3) zu steuern, in-
dem ein Kabinendruck und/oder eine Höhe des
Passagierflugzeugs überwacht wird; und auf der
Grundlage einer Änderung des Kabinendrucks
und/oder der Höhe der minimale Fehler, der ma-
ximale Fehler und/oder der gewünschte Mas-
senstrom aktualisiert wird;
dadurch gekennzeichnet, dass das Mittel zum
Messen des Massenstroms ein Mittel zum Er-
zeugen eines Überschallstroms und einen
Druckmesswandler umfasst;
dass das Mittel zum Messen des Massenstroms
eine Mehrzahl von Druckmessstrecken um-
fasst, die stromabwärts des Ventils angeordnet
sind, wobei jede Druckmessstrecke ein Mittel
zum Erzeugen einer Überschallströmung und
einen Druckmesswandler enthält;
dass die Verarbeitungsschaltung konfiguriert
ist, um mindestens einen Schalter (604) zu be-
tätigen, um mindestens eine Druckmessstrecke
der Mehrzahl von Druckmessstrecken zu akti-
vieren und zu deaktivieren; und
dass die Verarbeitungsschaltung konfiguriert
ist, um vor der Betätigung des mindestens einen
Schalters mindestens eine Änderung des Kabi-
nendrucks und eine Änderung der Höhe zu be-
stimmen,
wobei eine Stellung des mindestens einen
Schalters auf der Grundlage der Änderung des
Kabinendrucks und/oder der Änderung der Hö-
he ausgewählt wird.

5. System nach Anspruch 4, bei dem die Sauerstoff-
quelle eine Sauerstoffspeichereinrichtung, eine
Atemgasspeichereinrichtung oder ein Sauerstoffge-
nerator ist.

6. System nach Anspruch 4, das ferner einen Druck-
sensor umfasst, und bei dem der gewünschte Mas-
senstrom auf der Grundlage eines Signals von dem
Drucksensor bestimmt wird.

7. System nach Anspruch 4, bei dem das Steuern des
Öffnens und Schließens des Ventils als Funktion des
gewünschten Massenstroms und des tatsächlichen
Massenstroms umfasst:

Festlegen eines minimalen Fehlerwertes und ei-
nes maximalen Fehlerwertes;
Veranlassen der Betätigung des Ventils in eine
geschlossene Position, wenn eine Differenz
zwischen dem tatsächlichen Strom und dem ge-
wünschten Strom den maximalen Fehlerwert
überschreitet; und
Veranlassen der Betätigung des Ventils in eine
offene Position, wenn eine Differenz zwischen
dem gewünschten Strom und dem tatsächlichen
Strom den minimalen Fehlerwert überschreitet.
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Revendications

1. Procédé de commande d’une alimentation en gaz
respiratoire d’une pluralité de masques respiratoires
(3) dans un aéronef de passagers, le procédé com-
prenant les étapes consistant à :

déterminer, par des circuits de traitement (7), un
débit massique souhaité, une erreur maximale,
et une erreur minimale ;
provoquer, par les circuits de traitement, l’ac-
tionnement d’au moins une soupape (2) vers
une position ouverte ; et
commander, par les circuits de traitement, le dé-
bit massique de l’alimentation en gaz respiratoi-
re de la pluralité de masques respiratoires (3),
où la commande comprend

a) la surveillance d’un débit massique réel
d’alimentation en gaz respiratoire de la plu-
ralité de masques respiratoires par des me-
sures obtenues à partir d’un appareil de me-
sure de débit massique (5),
b) la détermination du fait que le débit mas-
sique réel dépasse le débit massique sou-
haité d’au moins l’erreur maximale,
c) en réponse à la détermination du fait que
le débit massique réel dépasse le débit
massique souhaité, la provocation de l’ac-
tionnement de l’au moins une soupape (2)
vers une position fermée,
d) la poursuite de la surveillance du débit
massique réel,
e) la détermination du fait que le débit mas-
sique souhaité dépasse le débit massique
réel d’au moins l’erreur minimale,
f) en réponse à la détermination du fait que
le débit massique souhaité dépasse le débit
massique réel, le fait de provoquer l’action-
nement de l’au moins une soupape (2) vers
une position ouverte, et la répétition des éta-
pes (a) à (f) ;

dans lequel la commande du débit massique de
l’alimentation en gaz respiratoire de la pluralité
de masques respiratoires (3) comprend en
outre :

la surveillance d’au moins l’une d’une pres-
sion de cabine et d’une altitude de l’aéronef
de passagers ; et la mise à jour, sur la base
d’un changement d’au moins l’une de la
pression de cabine et de l’altitude, d’un ou
de plusieurs de l’erreur minimale, de l’erreur
maximale, et du débit massique souhaité ;
caractérisé en ce que l’appareil de mesure
de débit massique (5) comprend une plura-
lité de sections de mesure de pression

agencées en aval de la soupape, chaque
section de mesure de pression comportant
une buse, et un transducteur de pression
(600), les mesures obtenues à partir de l’ap-
pareil de mesure de débit massique com-
prennent des signaux produits par les trans-
ducteurs de pression (600) ;
en ce que la commande du débit massique
de l’alimentation en gaz respiratoire de la
pluralité de masques respiratoires com-
prend en outre la commande d’un commu-
tateur respectif (604) d’au moins une sec-
tion de mesure de pression de la pluralité
de sections de mesure de pression sur la
base d’au moins l’un d’une pression de ca-
bine, d’une altitude de l’aéronef de passa-
gers, et du débit massique souhaité ; et
en ce que la commande du commutateur
respectif (604) comprend l’activation d’au
moins deux sections de mesure de pression
de la pluralité de sections de mesure de
pression en parallèle.

2. Procédé selon la revendication 1, dans lequel l’au
moins une soupape (2) est une soupape magnéti-
que, et le fait de provoquer l’actionnement de l’au
moins une soupape comprend l’alimentation de l’au
moins une soupape en tension de déclenchement.

3. Procédé selon la revendication 1, dans lequel l’er-
reur minimale est comprise entre 10 % et 50 % du
débit massique souhaité et l’erreur maximale est
comprise entre 10 % et 100 % du débit massique
souhaité.

4. Système de commande d’une alimentation en oxy-
gène d’urgence dans un aéronef de passagers, le
système comprenant :

une soupape (2) disposée entre une source
d’oxygène et une pluralité de masques respira-
toires (3) ;
un moyen (5) pour mesurer le débit massique
disposé entre la soupape et la pluralité de mas-
ques respiratoires ; et
des circuits de traitement (7) configurés pour dé-
terminer un débit massique souhaité, surveiller
au fil du temps un débit massique réel sur la
base des mesures fournies par le moyen de me-
sure du débit massique, et
commander l’ouverture et la fermeture de la sou-
pape (2), lors de la surveillance, en fonction du
débit massique souhaité et du débit massique
réel ;
dans lequel les circuits de commande sont con-
figurés pour commander le débit massique de
l’alimentation en gaz respiratoire de la pluralité
de masques respiratoires (3) en surveillant au
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moins l’une d’une pression de cabine et d’une
altitude de l’aéronef de passagers ; et en met-
tant à jour, sur la base d’un changement d’au
moins l’une de la pression de cabine et de l’al-
titude, un ou plusieurs de l’erreur minimale, de
l’erreur maximale, et du débit massique
souhaité ; caractérisé en ce que le moyen de
mesure du débit massique comprend un moyen
de production d’un écoulement supersonique et
un transducteur de pression ;
en ce que le moyen de mesure du débit massi-
que comprend une pluralité de sections de me-
sure de pression agencées en aval de la sou-
pape, chaque section de mesure de pression
comportant un moyen de production d’un écou-
lement supersonique et un transducteur de
pression ;
en ce que les circuits de traitement sont confi-
gurés pour actionner au moins un commutateur
(604) pour activer et désactiver au moins une
section de mesure de pression de la pluralité de
sections de mesure de pression ; et
en ce que les circuits de traitement sont confi-
gurés pour déterminer, avant d’actionner l’au
moins un commutateur, au moins l’un d’un chan-
gement de pression de cabine et d’un change-
ment d’altitude, où une position de l’au moins
un commutateur est sélectionnée sur la base de
l’au moins un changement parmi le changement
de pression de cabine et le changement d’alti-
tude.

5. Système selon la revendication 4, dans lequel la
source d’oxygène est un dispositif de stockage
d’oxygène, un dispositif de stockage de gaz respi-
ratoire, ou un générateur d’oxygène.

6. Système selon la revendication 4, comprenant en
outre :

un capteur de pression ; et
dans lequel le débit massique souhaité est dé-
terminé sur la base d’un signal provenant du
capteur de pression.

7. Système selon la revendication 4, dans lequel la
commande de l’ouverture et de la fermeture de la
soupape en fonction du débit massique souhaité et
du débit massique réel comprend :

la détermination d’une valeur d’erreur minimale
et d’une valeur d’erreur maximale ;
le fait de provoquer l’actionnement de la soupa-
pe vers une position fermée lorsqu’une différen-
ce entre le débit réel et le débit souhaité dépasse
la valeur d’erreur maximale ; et
le fait de provoquer l’actionnement de la soupa-
pe vers une position ouverte lorsqu’une diffé-

rence entre le débit souhaité et le débit réel dé-
passe la valeur d’erreur minimale.
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