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Abstract:

A control system for an onboard oxygen generating system {OBOGS) includes a gain control
communicatively coupled to an oxygen sensor configured to measure an oxygen concentration
outputted from the OBOGS. The gain control selectively switches between unbalanced and balanced
bed cycling modes of the OBOGS to produce a target oxygen concentration based on demand. A
corresponding method includes providing a gain control communicatively coupled to an oxygen
sensor configured to measure an oxygen concentration outputted from the OBOGS, controlling the
OCBOGS to operate in the unbalanced bed cycling mode when a low demand is placed on the
OBOGS whereby the gain control provides a short bed cycle and a corresponding long cycle of a
fixed cycle time, and switching the OBOGS to operate in the balanced bed cycling mode when a
high demand is placed on the OBOGS. The balanced bed cycling mode operates at a decreased bed
cycle time.
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IMPROVED COMPOSITION CONTROL FOR OBOGS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an onboard oxygen generating system (OBOGS)
of an aircraft, and more particularly to a system and method to improve the volume of oxygen
that can be separated via pressure swing adsorption (PSA) separation processes under conditions
of very high product oxygen demand and as the efficiency of sieve matenal in the beds degrades
over time.

[0002] Operation of a PSA system which operates at a controlled oxygen concentration
has been in use for many years. One such system is described in United States Patent 6,383,256
(the 256 Patent). The method disclosed within the ‘256 Patent uses a fixed time cycle of the
PSA process where the oxygen concentration in the product gas is controlled via adjustment of
the time one bed is separating oxygen versus the time another bed is separating oxygen. By
making the duration of separation time of the two beds different, the system effectively allows
more nitrogen into the product gas, thereby reducing the oxygen concentration, preferably to the
partial pressure of oxygen required as a function of aircraft altitude.

[0003] While generally acceptable, one shortcoming of the method disclosed within the
256 Patent is that when the beds reach an equal time base, the method can no longer optimize
the amount of oxygen that can be concentrated. Thus, when there is very high demand or a
degradation in the efficiency of the sieve material over time, the system can lose the capability to
deliver sufficient oxygen.

[0004] It is known that a shorter bed cycle time can provide a higher oxygen production
rate. One may assume that the answer to the above shortcoming in performance would be to
make the baseline PSA cycle time shorter. However, operating at short cycle times has several
drawbacks. First, as the cycle time becomes shorter, the systems use proportionally more air to
pressurize and depressurize the beds. For aircraft operation, where the OBOGS is supplied with
engine bleed air, this comes at a penalty to the aircraft bleed air system. Additionally, this
introduces greater average pressure drop in the system, potentially causing lower than desired

pressure supply to the breathing regulators and the pilots. In systems supplied by other
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pressurized air, the additional flow required comes at a cost of higher power as well as higher
average pressure drop.

[0005] Thus, there is a need for a method that increases the amount of oxygen that can be
generated during high demand events and/or when the sieve in the system has become less
efficient over time, while reducing power consumption, bleed air consumption, and pressure

drop during periods of lower demand.

SUMMARY OF THE INVENTION

[0006] The present invention addresses the above needs by providing a control system
for an onboard oxygen generating system (OBOGS) which includes a gain control
communicatively coupled to an oxygen sensor configured to measure an oxygen concentration
outputted from the OBOGS. The gain control selectively switches between unbalanced and
balanced bed cycling modes of the OBOGS to produce a target oxygen concentration based on
demand.

[0007] In accordance with a further aspect of the present invention, a method for
transitioning between unbalanced and balanced bed cycling modes of an onboard oxygen
generating system (OBOGS) as a function of demand includes providing a gain control
communicatively coupled to an oxygen senscr configured to measure an oxygen concentration
outputted from the OBOGS, controlling the OBOGS to operate in the unbalanced bed cycling
mode when a low demand is placed on the OBOGS whereby the gain control provides a short
bed cycle and a corresponding long cycle of a fixed cycle time, and switching the OBOGS to
operate in the balanced bed cycling mode when a high demand is placed on the OBOGS. The
balanced bed cycling mode operates at an equivalent or decreased bed cycle time relative to the

unbalanced bed cycling mode, depending on demand

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a representative plot of oxygen production obtained using an
embodiment of a method in accordance with the present invention; and

[0009] FIG. 2 is a system for controlling oxygen production of an onboard oxygen

generating system using an embodiment of a method in accordance with the present invention.
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DETAILED DESCRIPTION

[0010] Turning now to the figures, with particular reference to FIG. 1, a flow diagram
100 illustrating a method of controlling oxygen production using an OBOGS is shown. As
generally shown, in accordance with the present invention, a longer bed cycle may be used with
unbalanced bed cycles during normal operation 102, and with an increased production of oxygen
when the control system has reached its maximum output by using a balanced cycle time
between beds with shorter cycle times 104, as will be described in greater detail below.

[0011] By way of example, flow diagram 100 may be used in newer OBOG systems,
such as those designed toc meet an oxygen delivery schedule. The control output for these
systems adjusts the bed cycle time in order to control the amount of oxygen that is concentrated
to a prescribed level 106 at certain altitudes.

[0012] The use of balanced bed cycles 104 to control the amount of oxygen concentrated
works well at high demands, but as demand is decreased, the bed cycle times become
significantly longer. This reduces the ability to control the concentration of oxygen delivered
when dynamic changes are present, making it a less desirable method for control under typically
low demands.

[0013] The use of unbalanced bed cycles 102 to control the oxygen concentration is very
effective at lower demands to control oxygen concentration, but the cycle times must be quite
short in order to produce enough oxygen to support high demand conditions. However, as
described above, using short bed cycle times requires significantly more supply air which
increases power usage, increases average pressure drop through the entire system and increases
the rate of degradation of components, including the sieve material used to separate the oxygen
in the system.

[0014] Thus, as shown in FIG. 1, an embodiment of the present invention uses both of
these two distinct types of bed cycle control to produce the oxygen concentration output,
depending on the demand, thereby optimizing the operation in both low demand 102 and higher
demand 104 conditions. Should unbalanced cycles be used exclusively, caution lights will issue
an alert 108a to the pilot at a lower demand flow as opposed to caution light alert 108b when
utilizing oxygen control method 100. Additionally, the control transition between the two
different modes (unbalanced/balanced bed cycles) can also cause system instabilities. However,

as seen in FIG. 1, a seamless transition between the low demand unbalanced bed cycle operation
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102 and the balanced bed cycle operation 104 may be achieved in accordance with the present
invention.

[0015] Specifically, as shown generally in FIG. 2, an output control system 110 in
accordance with an aspect of the present invention uses a continuous output from a system
feedback gain control 112 to provide a seamless output 113 from the PSA concentrator 114 as
the demand for oxygen produced increases. System 110 normally operates in an unbalanced bed
cycle mode (FIG. 1, 102) where the timing between the bed under pressure and delivering
oxygen and the bed(s) being vented is not equal. This imbalance between the timing of the two
bed functions reduces the efficiency of the PSA process and thus produces gas outlet that can be
controlled at values less than the maximum output.

[0016] By using a control signal 116, which compares measured output 113 via oxygen
sensor 115 to target concentration 117, to adjust the offset in the beds, the output concentration
can be controlled. As the time difference between the two beds increases, the efficiency drops,
as well as the concentration of oxygen. Conversely, as the bed times become closer to one
another, their efficiency increases and the oxygen concentration increases.

[0017] As an example, the demand on PSA concentrator 114 may be very low, and with
a two bed system, the time difference between the beds may be large with the long bed being 4
seconds and the short bed being 2 seconds (for a fixed ¢ second cycle time). The gain of the
control provides an output that is equivalent to the short bed cycle. In this case, the control calls
for an output of 2 seconds. As the demand increases for product gas, the control calls for greater
output, increasing from 2 to 2.5 seconds and eventually on to 3 seconds. The time difference
between beds becomes more equal until the control will cause the time of both beds to be 3
seconds and 3 seconds when the control calls for 3 seconds. If the demand continues to rise, the
control will require an output of 3.1 seconds and higher. However, the beds cannot respond as
they are concentrating the maximum amount of oxygen with the fixed 6 second cycle time. As a
result, this is the extent of the unbalanced bed control.

[0018] In accordance with an aspect of the present invention, additional output may be
seamlessly provided as the demand continues to increase. By using gain control 112, when the
demand increases such that the control calls for 3.1 seconds for example, instead of changing the
imbalance of the cycle time, the control decreases the time of each bed equally. In the above

case, when gain control calls for 3.1 second output, the amount above 3.0 seconds is converted to
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a balanced value of 2.9 seconds for cach bed (for a total balanced cycle time of 5.8 seconds).
Since control 112 does not have to account for this transition, control 112 continues to function
without change. The bed timing based on the output of the control computation changes to make
a slightly shorter overall cycle with balanced beds (e.g., 5.8 second as opposed to the fixed 6
second cycle time). See FIG. 1, 104. As a result, the PSA concentrator 114 will concentrate
slightly more oxygen. If the demand drops back down and the control output commands 2.9
seconds, the beds may then be controlled to a slightly unbalanced cycle 102, thereby reducing
the amount of oxygen produced.

[0019] Thus, a method in accordance with the present invention may be used to increase
the maximum output of the concentrator in times of high demand without the penalties of a more
rapid bed cycle when the demand is low. As a result, the OBOGS may be more responsive to
dynamic changes and may be able to autocorrect for degradation of the efficiency of the PSA
sieve material over time.

[0020] Although the invention has been described with reference to preferred
embodiments thereof, it is understood that various modifications may be made thereto without

departing from the full spirit and scope of the invention as defined by the claims which follow,
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REPLACEMENT SHEETS:

1. A control system for an onboard oxygen generating system (OBOGS) comprising
a gain control communicatively coupled to an oxygen sensor configured to measure an
oxygen concentration outputted from the OBOGS, whereby the gain control selectively
switches between unbalanced and balanced bed cycling modes of the OBOGS to produce
a target oxygen concentration,

wherein the OBOGS operates in the unbalanced bed cycling mode for a fixed bed
cycle time wherein the gain control communicates a length of an output cycle that is less
than one-half the fixed bed cycle time, and
wherein, when the gain control communicates the length of the output cycle to be greater
than one-half the fixed bed cycling time, the gain control switches to the balanced bed

cycling mode wherein the balanced bed cycle time is less than the fixed bed cycle time.

2. The control system of claim 1 wherein cycle times of the unbalanced bed cycling
mode are commanded to become more balanced when the oxygen sensor indicates a

lower oxygen concentration than the target oxygen concentration.

3. The control system of claim 2 wherein the unbalanced bed cycling mode shifts to
the balanced bed cycling mode when the cycle times of the unbalanced bed cycling mode

become equivalent.

4. The control system of claim 1 wherein cycle times when operating in the balanced
bed cycling mode decrease when the oxygen sensor indicates a lower measured oxygen

concentration outputted from the OBOGS than the target oxygen concentration.

5. The control system of claim 1 wherein the target oxygen concentration is

determined based on aircraft altitude.

(8496448 }
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Replacement Sheet

6. The control system of claim | wherein a caution light is activated when the
oxygen concentration outputted from the OBOGS is less than the target oxygen

concentration.

7. A method for transitioning between unbalanced and balanced bed cycling modes
of an onboard oxygen generating system (OBOGS) as a function of demand, the method
comprising:

a. providing a gain control communicatively coupled to an oxygen sensor
configured to measure an oxygen concentration outputted from the OBOGS;

b. controlling the OBOGS to operate in the unbalanced bed cycling mode when a
low demand is placed on the OBOGS whereby the gain control causes the OBOGS to
operate using a fixed cycle time comprising a short bed cycle portion and a long bed
cycle portion;

c. switching the OBOGS to operate in the balanced bed cycling mode having a
balanced bed cycle time comprising two equal bed cycle portions when a high demand is
placed on the OBOGS wherein the balanced bed cycle time is less than the fixed cycle

time.
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