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(57) A pressure regulator system is disclosed. The
system includes: a valve module; a controller (435); and
a plurality of sensors. The controller (435) is operably
coupled to the valve module to adjust outflow of gas from
an outlet of the valve module to a plurality of masks in
an interior of an aircraft. The plurality of sensors com-
prises at least one of a pressure sensor (440) and a tem-
perature sensor (425) and the controller (435) is config-

SMART PRESSURE REGULATOR FOR AIRCRAFT OXYGEN SYSTEM

ured to receive feedback of sensed data at the outlet of
the valve module about at least outlet pressure and am-
bient temperature from at least the pressure sensor (440)
and the temperature sensor (425) and adjust the outflow
of gas from the outlet of the valve module by determining
an open-valve time based on the feedback of sensed
data received from each sensor.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to, and the ben-
efit of, India Patent Application No. 202341010901 (DAS
CODE: 7B1C), filed February 17, 2023, and titled
"SMART PRESSURE REGULATOR FOR AIRCRAFT
OXYGEN SYSTEM".

FIELD

[0002] The present disclosure generally relates pres-
sure regulators, and more specifically to an auto adjust-
able regulator to provide varying amounts of oxygen flow
to match increasing need as altitude increases.

BACKGROUND

[0003] Aircraft survival systems, such as passenger
emergency evacuation systems and the life support ox-
ygen systems, use stored pressurized gas in pressurized
cylinders. Oxygen filled portable cylinders are typically
configured with a pressure regulator that divides the reg-
ulator outlet flow for distribution to multiple masks. Oxy-
gen cylinders are installed to feed a distribution system
via regulator and tubing. The passenger compartment
will have multiple breathing stations plumbed so each
passenger can individually plug in a hose and mask if
oxygen gas is needed for survival. Oxygen gas is stored
and transported in high pressure cylinders. Oxygen sys-
tem design depends largely on the operational require-
ments. Oxygen systems may be continuous - flow or a
demand flow system.

[0004] In continuous flow systems, oxygen flow from
the pressure reducing regulator is continuously fed into
hoses attached to masks worn by the user. Even when
the user is exhaling, preset flow of oxygen is continuous.

SUMMARY

[0005] A pressure regulator system is disclosed here-
in. The system, includes a valve module; a controller;
and a plurality of sensors; wherein the controller is oper-
ably coupled to the valve module to adjust outflow of gas
from an outlet of the valve module to a plurality of masks
in aninterior of an aircraft; wherein the plurality of sensors
comprises at least one of a pressure sensor and a tem-
perature sensor; wherein the controller is configured to
receive feedback of sensed data at the outlet of the valve
module about at least outlet pressure and ambient tem-
perature from at least the pressure sensor and the tem-
perature sensor and adjust the outflow of gas from the
outlet of the valve module by determining an open-valve
time based on the feedback of sensed data received from
each sensor; wherein the controllers is configured to con-
trol an amount of a flow rate and duration of time of a
flow rate of gas from the valve module by transitioning
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from a closed position to an open position based an op-
eration profile of the valve module associated with a cor-
rection of at least an output pressure at the outlet to a
desired output pressure.

[0006] In various embodiments, the controller is con-
figured to adjust the flow rate at the outlet in accordance
with the feedback of sensed data from each sensor for
gas flow to the plurality of masks.

[0007] In various embodiments, the valve module fur-
ther comprises: a valve poppet coupled to an electric
motor that moves in either in an opening direction to
cause a flow area around a conical poppet profile region
to increase or moves in a closing direction to cause the
flow areas around the conical poppet profile region to
decrease.

[0008] In various embodiments, in response to a pre-
set profile configured for regulation of gas pressure, the
controlleris configured to maintain a steady uniform pres-
sure value by increasing flow in response increases in
altitude by the aircraft.

[0009] Invariousembodiments, the valve module com-
prises an O-ring seal configured on a shaft of the electric
motor to achieve a pressure balance by reducing the
valve actuation force.

[0010] In various embodiments, the valve poppet is
spring loaded and configured with the O-ring seal.
[0011] In various embodiments, in the closed position,
the conical poppet profile region of the valve poppet is
configured to interface with a valve seat of a control orifice
body of the regulator module to cause a closure of a
channel to the flow area wherein a valve poppet incurs
fluidic forces in both a closing direction and the opening
direction at the closed position.

[0012] In various embodiments, the closed position
comprises a shut-off sufficient to cause fluid leakage
tightness by providingan adequate sealing stress caused
by a net closing force resultant of fluidic forces in both
directions.

[0013] In various embodiments, the controller is con-
figured to cause a change in the flow area by movement
of the poppet defined by a poppet control profile.
[0014] In various embodiments, the controller is con-
figured to enable the pressure at the outlet at a pre-set
value wherein in response to the energizing of the regu-
lator module to cause to open an orifice for fluid flow, and
if the outlet pressure measured is higher than the pre-
set value, the controller is configured to generate a con-
trol command to reduce the flow area by moving the valve
poppet in the closing direction; wherein if the outlet pres-
sure measured is lower than the pre-set value the con-
troller is configured to generate a control command to
increase the flow area by moving the valve poppet in the
opening direction.

[0015] In various embodiments, the movement of the
valve poppet is based on several DC voltage pulses per
unit time fed to the electric motor that determines a motor
operating speed of the motor and subsequent speed of
movement of the poppet.
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[0016] Invarious embodiments, a pressure control reg-
ulator is disclosed. The pressure control regulator in-
cludes a valve module comprising: a controller commu-
nicatively coupled to a plurality of sensors and an electric
motor that adjusts outflow of gas from an outlet of the
valve module to a plurality of masks wherein the plurality
of sensors comprises at least one of a pressure sensor
and atemperature sensor; and a valve poppet connected
to the electric motor configured to control an amount of
a flow rate and duration of time of a flow rate of gas from
the valve module by transitioning from a closed position
to an open position based an operation profile of the valve
module associated with a correction of at least an output
pressure at the outlet to a desired output pressure;
wherein the controller is configured to receive feedback
of sensed data at the outlet of the valve module about at
least outlet pressure and ambient temperature from at
least the pressure sensor and the temperature sensor
and adjust the outflow of gas from the outlet of the valve
module by determining an open-valve time based on the
feedback of sensed data received from each sensor.
[0017] In various embodiments, the controller is con-
figured to adjust the flow rate at the outlet in accordance
with feedback of the sensed data from each sensor for
gas flow to the plurality of masks.

[0018] In various embodiments, the valve poppet is
coupled to an electric motorand moves in either an open-
ing direction to cause a flow area around a conical poppet
profile region to increase or moves in a closing direction
to cause the flow areas around the conical poppet profile
region to decrease.

[0019] In various embodiments, in response to a pre-
set profile configured for regulation of gas pressure, the
controller is configured to maintain a steady uniform pres-
sure value by increasing flow in response increases in
altitude.

[0020] Invarious embodiments, the valve module com-
prises an O-ring seal on a shaft of the electric motor to
achieve a pressure balance by reducing the valve actu-
ation force.

[0021] In various embodiments, the valve poppet is
spring loaded configured with the O-ring seal.

[0022] In various embodiments, in the closed position,
the conical poppet profile region of the valve poppet is
configured to interface with a valve seat of a control orifice
body of the regulator module to cause a closure of a
channel to the flow area wherein a poppet valve incurs
fluidic forces in both the closing direction and the opening
direction at the closed position.

[0023] In various embodiments, the closed position
comprises a shut-off sufficient to cause fluid leakage
tightness by providing an adequate sealing stress caused
by a net closing force resultant of fluidic forces in both
directions wherein the controller is configured to cause
a change in the flow area by movement of the poppet
defined by a poppet control profile.

[0024] In various embodiments, the controller is con-
figured to enable the pressure at the outlet at a pre-set
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value wherein in response to the energizing of the regu-
lator to cause to open a control orifice, and if the outlet
pressure measured is higher than the pre-set value, the
controller is configured to generate a control command
to reduce the flow area by moving the valve poppet in a
closing direction; wherein if the outlet pressure measured
is lower than the pre-set value the controller is configured
to generate a control command to increase the flow area
by moving the valve poppet in the opening direction.
[0025] The foregoing features and elements may be
combined in any combination, without exclusivity, unless
expressly indicated herein otherwise. These features
and elements as well as the operation of the disclosed
embodiments will become more apparent in light of the
following description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The subject matter of the present disclosure is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete un-
derstanding of the present disclosure, however, may best
be obtained by referring to the following detailed descrip-
tion and claims in connection with the following drawings.
While the drawings illustrate various embodiments em-
ploying the principles described herein, the drawings do
not limit the scope of the claims.

FIG. 1 illustrates a diagram of a pressurized gas bot-
tle coupled with multiple user masks and actuator
system, in accordance with various embodiments.

FIG. 2 illustrates a graph of regulator flow character-
istics of oxygen pressure regulator with a pressu-
rized gas bottle in accordance with various embod-
iments.

FIG. 3 illustrates a graph of a smart regulator flow
characteristics of oxygen pressure regulator with a
pressurized gas bottle in accordance with various
embodiments.

FIG. 4 illustrates a diagram of the smart pressure
reducing oxygen pressure regulator for use with a
pressurized gas bottle, in accordance with various
embodiments.

FIG. 5 illustrates a diagram of an electric motor op-
erated pressure control valve of the smart pressure
reducing oxygen pressure regulator for use with a
pressurized gas bottle, in accordance with various
embodiments.

FIGS. 6A, 6B, and 6C illustrate diagrams of a valve
stroke and flow area from an initial shut-off position
to an open position of the smart pressure reducing
oxygen regulator for use with a pressurized gas bot-
tle, in accordance with various embodiments.
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FIG. 7 illustrates a graph of a regulator valve oper-
ating speed in relation to temperature of the smart
pressure reducing oxygen pressure regulator for use
with a pressurized gas bottle, in accordance with var-
ious embodiments.

DETAILED DESCRIPTION

[0027] The following detailed description of various
embodiments herein makes reference to the accompa-
nying drawings, which show various embodiments by
way of illustration. While these various embodiments are
described in sufficient detail to enable those skilled in the
art to practice the disclosure, it should be understood that
other embodiments may be realized and that changes
may be made without departing from the scope of the
disclosure. Thus, the detailed description herein is pre-
sented for purposes of illustration only and not of limita-
tion. Furthermore, any reference to singular includes plu-
ral embodiments, and any reference to more than one
component or step may include a singular embodiment
or step. Also, any reference to attached, fixed, connect-
ed, or the like may include permanent, removable, tem-
porary, partial, full or any other possible attachment op-
tion. Additionally, any reference to without contact (or
similar phrases) may also include reduced contact or
minimal contact. It should also be understood that unless
specifically stated otherwise, references to "a," "an" or
"the" may include one or more than one and that refer-
ence to an item in the singular may also include the item
in the plural. Further, all ranges may include upper and
lower values and all ranges and ratio limits disclosed
herein may be combined.

[0028] Referring now to FIG. 1, in accordance with var-
ious embodiments, a demand flow system 100 is illus-
trated. The system 100 includes a gas bottle 5 of a high-
pressure module assembly having a high-pressure man-
ifold 10, a regulator 15, a pyrotechnic initiator 25, a latch
30, a power converter 35, controller 20, aircraft electrical
power connection 45, and a set of passenger masks 40.
[0029] In the demand flow system 100, oxygen is de-
livered only when the user inhales or on demand. During
the hold and exhalation periods of breathing, the oxygen
supply is stopped. In this way, the duration of the oxygen
supply is prolonged as little to none is wasted.

[0030] FIG. 2 illustrates a graph 200 of regulator per-
formance in accordance with various embodiments. The
locked-up pressure 205 in allows for a no flow condition,
while the flow outlet pressure is reduced with increases
in flow rate. Also, the flow pressure values 230 are low-
ered with increases in flow rate in the graph of FIG. 2.
The flow pressure values are shown to vary with changes
in temperature. The flow pressure is more uniform (i.e.,
the regulator outlet pressure 210) at the inlet pressure
and varies slightly with flow demand (flow rate 220) and
operating temperature. In implementation, several dy-
namic O-ring seals are used, which can benefit from pe-
riodic maintenance for replacement. The preset outlet
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pressure for the nominal flow conditions is determined
by the spring load setting. Once the regulator is config-
ured with preset nominal requirements and assembled
to system, it operates in passive mode, responding to
the fluid pressure drops in the feed system.

[0031] FIG. 3 illustrates a graph 300 of the smart reg-
ulator performance in accordance with various embodi-
ments. The regulator outlet pressure 310 operates from
an initial shut-off state 305 with no pressure trapped at
the outlet. At the flow rate 320 is increased, the smart
regulator is activated to cause a regulated pressure 330
that is gradually increased to a steady state level of to
achieve a particular steady-state value. In various em-
bodiments, the oxygen storage cylinder is kept a high
pressure, the isolation valve operated by pyrotechnic in-
itiator 25 (of FIG. 1) to cause the flow in an emergency
situation, the pressure valve is activated to regulate the
output pressure at a steady state level. The smart regu-
lator is controlled by a controller that implements an al-
gorithm to achieve the steady state value and the regu-
lated pressure.

[0032] FIG. 4 illustrates a diagram of the smart pres-
sure reducing oxygen pressure regulator 400 ("regula-
tor") for use with a pressurized gas bottle 410, in accord-
ance with various embodiments. FIG. 4 shows a smart
pressure reducing oxygen regulator system ("regulator")
400 that includes a regulating valve poppet 405 to direct
the control of flow in the flow area 460 from a pressurized
gas bottle 410 and is connected via an O-ring seal 415
to a linear stepper motor 420 (i.e., solenoid device). The
linear stepper motor 420 is controlled by a pressure con-
troller 435 that receives sensor feedback 430 from a va-
riety of sensors thatinclude data from a temperature sen-
sor 425, and pressure sensor 440. The pressure control-
ler 435 and linear stepper motor 420 use a local power
source of the battery 450. The pressure controller 435
can be connected to a central data processor 465 that
monitors ambient pressure changes with altitude chang-
es and sends data to the pressure controller 435 for con-
trol of the linear stepper motor 420 and the flow out 470
of the gas mixture from the cycling of the regulating valve
poppet 405.

[0033] In various embodiments, the regulating valve
poppet 405 is controlled by the pressure controller 435
to prevent the output of gas flow (i.e., oxygen flow out
470 of the pressurized gas bottle 410) in a locked-up
pressure state. The locked-up pressure state causes the
regulating valve poppet 405 to be moved by control of
the linear stepper motor 420 in a closing direction for a
no flow condition. As the downstream flow outlet pressure
is increased with increases in flow rate, the movement
ofthe regulating valve poppet405in an opening direction.
The flow pressure values are lowered with increases in
flow rate in the opening direction. Also, the flow pressure
values are shown to vary with changes in temperature.
The flow pressure is more uniform at the inlet (valve pop-
pet 405) pressure and varies slightly with flow demand
and operating temperature.
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[0034] In various embodiments, the linear stepper mo-
tor 420 comprises an off the shelf linear stepper motor
420. The rotational movement of the shaft of the motor
is translated into linear movement of the valve poppet
(Dx/dt). The position of the valve poppet 405 is motioned
in a forward and backward direction (i.e., an opening or
closing direction) that expands, contracts or seals the
channel (i.e., adjusting the spacing for the fluid area) for
the fluid flow by the controller 20 by control of the number
of direct current (DC) voltage pulses applied to rotation-
ally operate the shaft of the linear stepper motor 420.
The speed of the linear movement can be controlled by
varying the frequency of the DC voltage pulses fed by
the controller 435 to the motor.

[0035] Using the linear stepper motor 420 allows for
position control of the valve poppet 405 without the ben-
efit of feedback and/or other related sophisticated servo
control schema. The linear stepper motor 420 is a sim-
plified motor unit as the rotary translation components to
linear conversion unit reside within the motor unit. The
actuation load requirement can be minimized by utilizing
the pressure balancing features that are realized by O-
ring (O-ring seal 415) dynamic seals provided. In various
embodiments, a servo-controlled DC torque motor can
be implemented instead of the linear stepper motor 420
to operate this regulator 400. In various embodiments
because the regulator 400 implements electric driven de-
vices with pressure controller 435, heating elements if
desired can beincorporated in the configuration to enable
the heating of the regulator in an automatic mode to avoid
formation of ice.

[0036] The oxygen flow system uses a regulator 400
that is auto adjustable to provide varying amounts of ox-
ygen flow that match or correspond to increases in de-
mand of the oxygen flow as the altitude of the aircraft
increases. In various embodiments, additional perform-
ance feature can be realized by using pressure demand
regulator 400 that include compensating for variations
with temperature, and the minimizing of the temperature
variations. In implementation, by increasing the quantity
of oxygen or mass flow of oxygen which causes higher
oxygen concentration to the mask. This results in higher
levels of oxygen that can be inhaled by a user so the user
can receive sufficient oxygenation with a reduced pres-
sure of flow to the mask. The increased level of oxygen
can allow for an offset to the pressure encountered in
flight as altitude increases.

[0037] AsshowninFIG. 4, the control valve is operated
by a linear stepper motor 420 with linear movement as
the output. This has integral unit to transfer motor rotary
movement to liner type. The valving element or the valve
poppet 405 can be directly attached to the motor spool
orshaft. The valve poppet405is configured as an integral
part with a shaped control profile to achieve a desired
regulated pressure performance.

[0038] Invarious embodiments, the pressure regulator
functioning involves a closed loop pressure control sys-
tem to achieve the preset pressure values. The electri-
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cally operated pressure control valve, pressure and tem-
perature feedback sensors and a pressure controller 435
preset with required outlet pressure to time values. Ad-
ditionally, if the flow demand is raised to compensate for
an altitude increase, the regulator 400 opening is there-
fore increased considering the ambient pressure data
fed to the pressure controller 435. Also, the regulator 400
performance variation with temperature can be mini-
mized or brought down within close tolerance range.
[0039] Invarious embodiments, the pressure regulator
400 configuration uses a closed loop pressure control
with DC linear stepper motor 420 operated flow control
valve (FCV). This electrically operated valve is designed
with flow shut off and pressure regulating valve features.
Hence, a separate flow shut off valve of a regulator unit
is not present. This regulator 400 can be operated re-
peatedly in component and system level and without re-
quiring resetting of operating the regulator 400 unit.
[0040] In various embodiments, to increase the regu-
lator 400 flow area 460 actively, the flow outage can be
increased as needed. For example, output of a specified
gas bottle 410 pressure by the active flow control can
achieve or maintain steady (or nearly steady) and uniform
regulator 400 pressure values as required. Additionally,
flow increasing feature with altitude increase with reduc-
ing flow pressure feature shall be provided. The opera-
tional features are implemented by respective control al-
gorithms.

[0041] The regulator 400 performance variation with
ambient temperatures is eliminated by the using multiple
regulated pressure profiles for different output require-
ments. In various embodiments, the different output are
achieved by varying the conical poppet profile for move-
ment in the opening and closing directions of the valve
poppet 405 that control the flow in the flow area 460.
[0042] The current regulator 400 implements a force
balancing from the fluid pressure acting at different O-
ring seals and the spring forces configured with the shaft
coupling to the linear stepper motor 420.

[0043] FIG.5illustrates a diagram of a pressure control
valve in a closed position under various embodiments.
In FIG. 5, the pressure control valve is configured in a
closed and the regulating valve poppet405is spring load-
ed and provided with dynamic O-ring seal to avoid the
fluid medium contacting the linear stepper motor 420.
The O-ring seal enables a pressure balance configura-
tion to reduce the valve actuation force. In the closed
position, the valve poppet 405 which has a conical shape
is configured to interface with valve seat 512 of the control
orifice body 505 to cause closure of the flow area 460.
In this closed or shut off position, the valve poppet 405
incurs or experiences multiple forces caused by fluid
pressure in both closing and opening directions.

[0044] A certain amount of closing force is maintained
to position the valve poppet 405 in the valve seat 512 to
ensure sufficient leak tightness by use of a selected
spring force via spring 515, and an appropriate O-ring
seal size for the valve poppet 405 sealing area. The shut-



9 EP 4 417 268 A1 10

off position of the valve poppet 405 for fluid leak tightness
can be achieved by providing adequate sealing stress
by a net closing force, the seating land area and the sur-
face finishes of the seal and valve seat 512 interfacing
faces are urged against each other. The shut off leak
tightness can be achieved using seat land bushing 520
composed of plastic type material. This way, separate
flow shut off or isolation valve as in the existing regulator
module design is not required. From the initial shut-off
position, in response to the linear stepper motor 420 be-
ing energized with DC voltage pulses by the controller
435, the linear stepper motor 420 develops sufficient
electro-mechanical force to actuate the valve poppet 405
in the opening direction

[0045] Referring to FIGS. 6A, 6B, and 6C, FIG. 6A il-
lustrates a diagram of the valve stroke and flow area in
accordance with various embodiments. In FIG. 6A, as
the valve poppet 405 moves in the opening direction (X=0
to X=X), the valve stroke and the flow area 460 around
the conical poppet profile region increases. The flow area
460 replicates a conical frustumin FIG. 6B. The flow area
460 increases with the valve poppet 405 movement in
opening direction (in FIG. 6C) and decreases with valve
poppet 405 movement in the closing directions (X=X’ to
X=0). By changing the electric polarity, electric motor can
drive the valve poppet 405 in the closing direction. For a
valve body orifice 505 diameter, the flow area 460 change
with poppet movement (day/dx) which is guided by the
shape of valve poppet 405 control profile. The number
of DC voltage pulses per unittime fed to the linear stepper
motor 420 will determine the stepper motor operating
speed which controls the speed of valve poppet 405
movement (dx/dt). Hence the resultant flow area 460
changes with time that is affected by the profile design
and the operating speed. In various embodiments, other
types of curves are possible other than a typical linear
curve.

[0046] As illustrated in FIGS. 6A-6C with FIG. 4, the
valve outlet pressure is monitored by a pressure sensor
440 with feedback to the controller 435. The controller
435 can be pre-set with a desired or required outlet pres-
sure value. Once the regulator 400 is energized to open,
and if the outlet pressure measured is higher than the
preset value, the controller 435 generates control com-
mand to linear stepper motor 420 for actuating the valve
poppet 405 to reduce the flow area 460 by moving the
valve poppet 405 in closing direction. In various embod-
iments, if the pressure measured by the pressure sensor
440 is less than pre-set value, then the pressure at the
flow out 470 is corrected by increasing the flow area 460.
The controller 435 stops generating control command
once the feed value matches with a preset value. A suit-
able algorithm is configured to enable the processing of
the pressure control or regulation taking in account the
required operational features desired. The controller 435
can be embedded with processing software’s to achieve
the desired pressures at the regulator outlet or flow out
470.
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[0047] Referring to FIG,. 7, FIG. 7 illustrates a graph
of the regulator valve stroke to the inflation time in ac-
cordance with various embodiments. In FIG. 7, in graph
700, at lower temperatures, the control action that are
needed or required are directed to increasing the valve
stroke or the opening area within the same time profile.
Likewise, or similarly at higher temperature, the control
action that is required is to reduce the valve stroke or
decrease the opening area within the same profile. Within
the same time interval, these stroke vs time profile can
be achieved by varying the operating speed of motor.
For stepper motor 420, this is achieved by varying the
feed rate of the inputted DC voltage pulses per second
(pops). The higher pulses per second applied to the step-
per motor causes increases in the speed, and vice versa
lower PPS causes decreases in speed.

[0048] Invarious embodiments, toimplementa correc-
tive control action, the temperature sensor is configured
at the valve outlet body with a feedback loop to the con-
troller as illustrated in FIG. 4. The controller can be preset
with required stroke vs time profile with temperatures.
Based on the feedback temperature, the corresponding
stroke vs time profile is selected for operation and pres-
sure correction is taken care. A stroke vs time with tem-
perature database can be created based on empirical
testing before installation and implementation ofthe pres-
sure control valve.

[0049] In various embodiments, when the pressure
regulator system operates at high altitude with increasing
flow demand, additional control logic is added. Referring
to FIG. 4, the ambient pressure with altitude is measured
and this data shall be fed to the pressure controller. In
various embodiments, the amount that the regulator is
opened is determined by the pressure controller 435 and
the additional logic (i.e., the central data processor 465)
to meet the flow demand at the expense of a reduction
in outlet pressure. In various embodiments, the flow char-
acterization is performed by empirical testing via a
ground test and the results are fed to the pressure con-
troller 435. The data from the testing can be used to pro-
gram an algorithm or suitable control logic to operate the
regulator.

[0050] Invarious embodiments, the pressure regulator
configuration implements closed loop pressure controls
with the DC linear stepper motor 420 operated flow con-
trol valve (FCV). The electrically operated valve (i.e.,
valve poppet 405) is configured with a flow shut-off and
pressure regulating valve features. The is no need for a
separate flow shut off valve with this regulator system
configuration. Since it is possible to increase the regula-
tor flow area actively, the flow outage can be increased
whenever required. For a specified gas bottle pressure,
almost steady uniform regulator pressure values can be
maintained if required. Additionally, flow increasing fea-
ture with altitude increase with reducing flow pressure
feature shall be provided and can be implemented by
respective control algorithms.

[0051] Invarious embodiments, the regulator perform-
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ance variations caused by ambient temperatures are re-
duced or eliminated by the feedback sensed data and
adjustments of the pressure controller 435. Also, a plu-
rality of regulated pressure profile requirements can be
easily configured by varying or changing the shape of
the conical valve poppet profile region.

[0052] Benefits, other advantages, and solutions to
problems have been described herein with regard to spe-
cific embodiments. Furthermore, the connecting lines
shown in the various figures contained herein are intend-
ed to represent exemplary functional relationships and/or
physical couplings between the various elements. It
should be noted that many alternative or additional func-
tional relationships or physical connections may be
present in a practical system. However, the benefits, ad-
vantages, solutions to problems, and any elements that
may cause any benefit, advantage, or solution to occur
or become more pronounced are not to be construed as
critical, required, or essential features or elements of the
disclosure. The scope of the disclosure is accordingly to
be limited by nothing other than the appended claims, in
which reference to an element in the singular is not in-
tended to mean "one and only one" unless explicitly so
stated, but rather "one or more." Moreover, where a
phrase similar to "at least one of A, B, or C" is used in
the claims, it is intended that the phrase be interpreted
to mean that A alone may be present in an embodiment,
B alone may be present in an embodiment, C alone may
be present in an embodiment, or that any combination
of the elements A, B and C may be present in a single
embodiment; for example, A and B, A and C, B and C,
or A and B and C. Different cross-hatching is used
throughout the figures to denote different parts but not
necessarily to denote the same or different materials.
[0053] Systems, methods and apparatus are provided
herein. In the detailed description herein, references to
"one embodiment," "an embodiment," "various embodi-
ments," etc., indicate that the embodiment described
may include a particular feature, structure, or character-
istic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. More-
over, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with
an embodiment, it is submitted that it is within the knowl-
edge of one skilled in the art to affect such feature, struc-
ture, or characteristic in connection with other embodi-
ments whether or not explicitly described. After reading
the description, it will be apparent to one skilled in the
relevant art(s) how to implement the disclosure in alter-
native embodiments.

[0054] Numbers, percentages, or other values stated
herein are intended to include that value, and also other
values that are about or approximately equal to the stated
value, as would be appreciated by one of ordinary skill
in the art encompassed by various embodiments of the
present disclosure. A stated value should therefore be
interpreted broadly enough to encompass values thatare
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at least close enough to the stated value to perform a
desired function or achieve a desired result. The stated
values include at least the variation to be expected in a
suitable industrial process, and may include values that
are within 10%, within 5%, within 1%, within 0.1%, or
within 0.01% of a stated value. Additionally, the terms
"substantially," "about" or "approximately" as used herein
represent an amount close to the stated amount that still
performs a desired function or achieves a desired result.
For example, the term "substantially," "about" or "approx-
imately" may refer to an amount that is within 10% of,
within 5% of, within 1% of, within 0.1% of, and within
0.01% of a stated amount or value.

[0055] Furthermore, no element, component, or meth-
od step in the present disclosure is intended to be dedi-
cated to the public regardless of whether the element,
component, or method step is explicitly recited in the
claims. As used herein, the terms "comprises," "compris-
ing," or any other variation thereof, are intended to cover
a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises a list of elements
does not include only those elements but may include
other elements not expressly listed or inherent to such
process, method, article, or apparatus.

[0056] Finally, it should be understood that any of the
above-described concepts can be used alone or in com-
bination with any or all of the other above-described con-
cepts. Although various embodiments have been dis-
closed and described, one of ordinary skill in this art
would recognize that certain modifications would come
within the scope of this disclosure. Accordingly, the de-
scription is not intended to be exhaustive or to limit the
principles described or illustrated herein to any precise
form. Many modifications and variations are possible in
light of the above teaching.

Claims
1. A system, comprising:

a valve module;

a controller (435); and

a plurality of sensors (425, 440);

wherein the controller is operably coupled to the
valve module to adjust outflow of gas from an
outlet of the valve module to a plurality of masks
(40) in an interior of an aircraft;

wherein the plurality of sensors comprises at
least one of a pressure sensor (440) and a tem-
perature sensor (425);

wherein the controller (435) is configured to re-
ceive feedback of sensed data at the outlet of
the valve module about at least outlet pressure
and ambient temperature from at least the pres-
sure sensor (440) and the temperature sensor
(425) and adjust the outflow of gas from the out-
let of the valve module by determining an open-
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valve time based on the feedback of sensed data
received from each sensor;

wherein the controller (435) is configured to con-
trol an amount of a flow rate and duration of time
of a flow rate of gas from the valve module by
transitioning from a closed position to an open
position based an operation profile of the valve
module associated with a correction of at least
an output pressure at the outlet to a desired out-
put pressure.

The system of claim 1, wherein the controller (435)
is configured to adjust the flow rate at the outlet in
accordance with the feedback of sensed data from
each sensor in the plurality of sensors for gas flow
to the plurality of masks.

The system of claim 2, further comprising:

wherein the valve module further comprises:

a valve poppet (405) coupled to an electric motor
that moves in either in an opening direction to cause
a flow area around a conical poppet profile region to
increase or moves in a closing direction to cause the
flow area around the conical poppet profile region to
decrease.

The system of claim 3, further comprising:

in response to a pre-set profile configured for regu-
lation of gas pressure, the controller (435) is config-
ured to maintain a steady uniform pressure value by
increasing flow in response to increases in altitude
by the aircraft.

The system of claim 4, wherein the valve module
comprises an O-ring seal configured on a shaft of
the electric motor to achieve a pressure balance by
reducing a valve actuation force.

The system of claim 5 wherein the valve poppet (405)
is spring loaded and configured with the O-ring seal.

The system claim 6, wherein in the closed position,
the conical poppet profile region of the valve poppet
(405) is configured to interface with a valve seat of
a control orifice body of the valve module to cause
a closure of a channel to the flow area wherein a
valve poppet (405) incurs fluidic forces in a closing
direction and in an opening direction at the closed
position.

The system of claim 7, wherein the closed position
comprises a shut-off sufficient to cause fluid leakage
tightness by providing an adequate sealing stress
caused by a net closing force resultant by fluidic forc-
es in both directions.

The system of claim 8, wherein the controller (435)
is configured to cause a change in the flow area by
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10.

1.

12.

13.

movement of the valve poppet (405) that is defined
by a poppet control profile region.

The system of claim 9, wherein the controller (435)
is configured to enable the pressure at the outlet at
apre-set value wherein in response to the energizing
of the valve module to cause to open an orifice for
fluid flow, and if an outlet pressure measured is high-
er than the pre-set value, the controller (435) is con-
figured to generate a control command to reduce the
flow area by moving the valve poppet (405) in the
closing direction; wherein if the outlet pressure
measured is lower than the pre-set value the con-
troller (435) is configured to generate the control
command to increase the flow area by moving the
valve poppet (405) in the opening direction.

The system of claim 10, wherein the movement of
the valve poppet (405) is based on a number of direct
current voltage pulses per unit time fed to the electric
motor that determines a motor operating speed of
the electric motor and subsequent speed of move-
ment of the valve poppet (405).

A pressure control regulator comprising
a valve module comprising:

a controller (435) communicatively coupled to a
plurality of sensors and an electric motor that
adjusts outflow of gas from an outlet of the valve
module to a plurality of masks wherein the plu-
rality of sensors comprises atleastone of a pres-
sure sensor (440) and a temperature sensor
(425); and

a valve poppet (405) connected to the electric
motor that is configured to control an amount of
a flow rate and duration of time of a flow rate of
gas from the valve module by transitioning from
a closed position to an open position based an
operation profile of the valve module associated
with a correction of at least an output pressure
at the outlet to a desired output pressure;
wherein the controller (435) is configured to re-
ceive feedback of sensed data at the outlet of
the valve module about at least outlet pressure
and ambient temperature from at least the pres-
sure sensor (440) and the temperature sensor
(425) and adjust the outflow of gas from the out-
let of the valve module by determining an open-
valve time based on the feedback of sensed data
received from each sensor.

The pressure control regulator of claim 12, wherein
the controller (435) is configured to adjust the flow
rate at the outlet in accordance with feedback of the
sensed data from each sensor for gas flow to the
plurality of masks.
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The pressure control regulator of claim 13, wherein
the valve poppet (405)is coupled to the electric motor
and moves in either an opening direction to cause a
flow area around a conical poppet profile region to
increase or moves in a closing direction to cause the
flow areas around the conical poppet profile region
to decrease.

The pressure control regulator of claim 14, further
comprising:

in response to a pre-set profile configured for regu-
lation of gas pressure, the controller (435) is config-
ured to maintain a steady uniform pressure value by
increasing flow in response to increases in altitude,
and preferably wherein the valve module comprises
an O-ring seal on a shaft of the electric motor to
achieve a pressure balance by reducing a valve ac-
tuation force, and preferably wherein the valve pop-
pet (405) is spring loaded configured with the O-ring
seal, and more preferably wherein in the closed po-
sition, the conical poppet profile region of the valve
poppet (405) is configured to interface with a valve
seat of a control orifice body of the valve module to
cause a closure of a channel to the flow area wherein
a valve poppet (405) incurs fluidic forces in both the
closing direction and the opening direction at the
closed position, and more preferably wherein the
closed position comprises a shut-off sufficient to
cause fluid leakage tightness by providing an ade-
quate sealing stress caused by a net closing force
resultant of fluidic forces in both directions wherein
the controller (435) is configured to cause a change
in the flow area by movement of the valve poppet
(405) that is defined by a poppet control profile, and
more preferably further comprising:

wherein the controller (435) is configured to enable
the pressure at the outlet at a pre-set value wherein
in response to the energizing of the pressure control
regulator to cause to open a control orifice, and if an
outlet pressure measured is higher than the pre-set
value, the controller (435) is configured to generate
acontrol command to reduce the flow area by moving
the valve poppet (405) in a closing direction; wherein
if the outlet pressure measured is lower than the pre-
set value the controller (435) is configured to gener-
ate the control command to increase the flow area
by moving the valve poppet (405) in the opening di-
rection.
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