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An onboard oxygen concentrator is required during long duration manned space 
missions to supply medical oxygen. The commercial medical oxygen generators based on 
pressure swing adsorption (PSA) are large and highly power intensive. TDA Research, Inc. 
is developing a small, lightweight, portable oxygen generator based on a vacuum swing 
adsorption (VSA) to produce concentrated medical oxygen. The unit uses ambient vehicle 
cabin air as the feed and delivers high purity oxygen while meeting NASA's requirements 
for high flow capacity, closed loop tissue oxygen control and operation in 
microgravity/partial gravity. TDA's VSA system uses a modified version of the lithium 
exchanged low silica X zeolite (LiLSX), a state of the art air separation sorbent extensively 
used in commercial Portable Oxygen Concentrators (POCs) to enhance the nitrogen 
adsorption capacity. With this sorbent, we are able to design and fabricate small compact 
modules that are capable of generating up to 4 LPM of medical grade oxygen. All together 4 
units are being fabricated, which will connect to a head unit that will serve as a manifold to 
provide a total oxygen delivery rate of 16 LPM with closed loop control based on the patient 
requirements. The system has been demonstrated at TRL 6. Test results of the first modular 
prototype medical oxygen concentrator under various operating conditions of interest 
including simulated microgravity and partial gravity atmospheres inside a vacuum chamber 
are provided in this paper. The other three prototypes are being built and the results from 
their demonstration will be provided in the ICES meeting. 

I. Introduction 
As humans reach out to explore the moon and Mars and the International Space Station (ISS) being a 

permanently manned laboratory, the length of stays in exploration vehicles or bases will increase.  This presents 
challenges to crew health care, and an ample supply of concentrated oxygen for medical use is one critical 
requirement for dealing with emergencies on these long missions.  Storing oxygen for medical emergencies is an 
option, but in addition to their large weight and volume these systems also present operational problems.  Due to its 
relatively low metabolic consumption, a large percentage of the concentrated oxygen is not consumed by the patient, 
but is instead released into the cabin where it could increase ambient oxygen levels to the point where the vehicle 
oxygen fire limit will be exceeded. Thus, an onboard medical oxygen generator that can concentrate oxygen from 
cabin air with little or no net change in the vehicle cabin oxygen concentration is desired.  As these medical 
emergencies could be accompanied by an elevation in the concentration of smoke or toxic gases (i.e., as a result of a 
fire or chemical spill), the oxygen concentrator should also be capable of handling (i.e., have the ability to work) in 
the presence of any potential smoke or toxic gases present in the cabin air.  

TDA Research, Inc. (TDA) is developing a small, lightweight, portable oxygen generator based on a vacuum 
VSA process and a high performance modified LiLSX sorbent to produce concentrated medical oxygen from 
ambient vehicle cabin air. LiLSX zeolite is the most widely used adsorbent in medical oxygen concentrators and has 
higher number of exchangeable cations than regular type X zeolite. Lithium exchanged zeolites are highly selective 
to nitrogen over oxygen (about 4 times higher than O2), which provides the chemical potential for the N2/O2 
separation.  The small size of exchanged cations also play an important role in enhancing the quadrupole 
interactions with nitrogen and hence the N2 selectivity for Li+ (0.68 Å) exchanged zeolites are significantly higher 
than Na+ (0.97 Å) exchanged zeolites.1,2,3  

In TDA’s medical oxygen concentrator unit the modified LiLSX sorbent is distributed into multiple fixed-bed 
reactors, which periodically switch positions to continuously supply oxygen; one bed contains fresh sorbent that 
carries out the desired separation while the second bed regenerates under vacuum. The system is designed to handle 
cabin air flow containing oxygen at different partial pressures: 14.7 psia/21% vol. oxygen, 10.2 psia/26.5% vol. 
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oxygen, and 8.2 psia /36% vol. oxygen as 
specified in the NASA SBIR FY 2014 
solicitation (Topic: H12.01- Next Generation 
Oxygen Concentrator for Medical Scenarios) 
while regenerations are carried out at 1.5 and 
3 psia. Ambient temperature operation allows 
very rapid start-up times and virtually 
isothermal operation enables a very high 
sorbent utilization via the rapid cycling of the 
beds (i.e., there is no wait for any heat/cool 
transitions). 

II. Breadboard Unit Description 
To evaluate the performance of TDA’s 

sorbent, we built and operated a full-scale 
medical oxygen concentrator breadboard and 
prototype units that used two sorbent beds 
(Figure 1).  The breadboard unit was sized 
for 4 LPM of O2 flow at 90% purity (enough 
to supply 1-2 persons in the case of medical 
emergencies).  One of the key components 
that was used to make this design lightweight 
and energy efficient is the incorporation of a 
state-of-the art, compact, energy efficient 
compressor/vacuum pump (Thomas 2250) that 
uses an energy efficient brushless DC motor 
and has two heads from the same drive one 
each for the compressor and the vacuum. 

The two-bed configuration also allowed us 
to incorporate the pressure equalization step at 
the start of adsorption and the end of 
desorption. During the equalization step, the oxygen-rich gas that remains in bed that has been producing oxygen 
will be transferred to the bed that has been regenerated and is at a vacuum. Not only does this save in compression 
power, but it also ensures that the oxygen-rich gas at the end of the adsorption step is not wasted by venting it to the 
environment, but instead is used to pressurize the other vessel as it is brought online. 
 The breadboard unit also had additional valves and instrumentation that will not be required for the final 
prototype. For example, the purge flow is controlled through a needle valve and measured with flow meter. 
Measuring the flow will help to determine the optimal 
needle valve setting, but once the optimal setting for the 
needle valve is determined, these two components can 
be replaced with a single orifice.  

III. Breadboard Test Results 
A. Effect of operating pressure 

Higher pressure ratio (defined as the ratio of 
adsorption and desorption pressures)  provides higher 
working capacity for the sorbent, however high 
operating pressures comes with high power consumption 
or when using compressors lower air flows. Hence, we 
carried out tests with our breadboard system to study the 
effect of operating pressure on the system power 
consumption and product flow with 350 ml sorbent 
beds. In these tests, the cycle time was changed, and the 
backpressure regulator on the system was adjusted so 

 

Figure 1. Picture of the breadboard unit. 
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Figure 2. Bed pressures and pressure ratio as a 
function of cycle time while maintaining the 
maximum product flow at 90% purity. 
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that the maximum flow was achieved with a product 
purity of 90%. The effect of the cycle time on the 
adsorption and desorption pressures and the pressure 
ratio is shown in Figure 2. The pressure ratio changed 
from 3 at a cycle time of 15 seconds to 9 at a cycle time 
of 40 seconds. 

The effect of the cycle time on the maximum 
product flow and on the normalized power consumption 
is shown in Figure 3. From this figure alone it appears 
that the optimum operational point is with a total cycle 
time of about 23 seconds, which corresponds to a peak 
adsorption pressure of 21 psia because at this point the 
flow rate is the highest and the normalized power is the 
lowest. It may be desirable, however to operate the 
adsorption at a higher pressure to reduce the 
compression cost downstream of the concentrator 
module, or to provide sufficient pressure to flow the 
oxygen product through the flow meter and flow 
control valve. For this reason we selected an adsorption pressure of 25 psia which corresponds to a cycle time of 
30s. This provides us with an additional 4 psia of compression with only a small increase in power consumption 
(5%) and a marginal decrease in flow output. 

 

B. Long-term system stability 

Throughout the breadboard tests, the sorbent achieved stable performance and the system is consistently able to 
maintain its performance. Figure 4 shows the product purity and flow rate throughout a long term test. The drop in 
product flow from 3.5 standard liter per minute (SLPM) to about 3.1 SLPM is due to addition of a muffler directly to 
the inlet of the compressor. We will identify a different kind of muffler/air filter which reduces the sound level to 
within acceptable levels without unduly restricting the flow through the prototype unit. 
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Figure 4. Long-duration stability of the breadboard system using 350 mL sorbent beds. At point “A” 
parametric testing was performed. At point “B” the voltage of the compressor was adjusted from 26 VDC 
down to 24 VDC. At point “C” a restrictive muffler was added to the compressor inlet. 
 
C. System operation at different purities and flows 

The product flow and purity of the oxygen concentrator module can be adjusted simply by changing the cycle 
time of the system. When the cycle time is extended, more air is passed through the bed during each adsorption 
cycle until a larger fraction of nitrogen is passed through the bed. When this happens, the flow rate increases and the 
oxygen purity decreases. The effect of the increased flow on the normalized power consumption and the product 
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Figure 3. Effect of cycle time on product flow and 
normalized power. 
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purity for the two-bed system is shown in Figure 5. 
These results were all obtained during parametric and 
long term testing of the two-bed system with the efficient 
Thomas 2250 pump. The results clearly show that the 
flow rates of 6.6 SLPM at 50% purity can be obtained, as 
well as flow rates of 3.6 SLPM (4.3 LPM) at 90% purity. 

Since the compressor operates at full capacity 
regardless of the adsorption time, the total power 
consumed by the system remains relatively constant at 
133W and the reason the normalized power consumption 
changes is due to the increased product flow rate. 

D. System response to change in purity requests 

The response time of the oxygen concentrator was 
tested by operating the system at 70% purity and then 
changing the operational setpoint to 90% purity. The 
system started producing 90% pure oxygen after 150 s of 
the change as shown in Figure 6 and the product flow 
decreased from 5.1 SLPM (6.1 LPM) to 3.5 SLPM (4.2 
LPM). In this test, the cycle time was directly changed 
from 18 s to the approximate cycle time required for 
90% oxygen of 16 s. The rate of change may be 
accelerated by allowing for some overshoot of the 
setpoint. This control loop will be fully optimized with 
the prototype unit since the response time will depend on 
not only the bed sizes but also the buffer tank size. 

 

IV. Prototype Unit Description 
Based on the operating conditions and hardware 

evaluations on the breadboard system, we designed a 
prototype oxygen concentrator module that can generate 
more than 4 LPM of oxygen at 90% purity in a small 
form factor.    Table 1 provides a summary of the 
prototype specifications. The process flow 
diagram (PFD) for the prototype unit is provided 
in Figure 7. The dimensions of the prototype 
unit is 13” x 11” x 7” and the system weighs 
about 22 lbs (including off-the-shelf metal 
housing).  

The system is housed inside a prefabricated 
instrument enclosure (Bud-TR6102) (Figure 8). 
This type of enclosure allows for rapid testing of 
the prototype and provides a portable user 
interface. To make the prototype unit gravity-
independent, we have removed typical oxygen 
concentrator components that rely on gravity in 
the design. For example, we have replaced the 
gravity-dependent rotameter with a gravity-
independent mass-flow meter to indicate oxygen 
flow. The 3-D layout of the components in the 
prototype unit is shown in Figure 9. Figure 10 
show the pictures of the prototype unit. 
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Figure 5. Normalized power and product purity as a 
function of flow rate. 
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Figure 6. System response to change in purity 
setpoint. 

 
Figure 7. Prototype Unit. 
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   Table 1. Summary of prototype specifications. 
System weight 20.3 lbs 
System size 11” x 13” x 7” 
System power 133 W 
Power requirement (Max.) 28VDC, 5A  
Flow range at 90% pure oxygen1 1.0 SLPM to 3.5 SLPM 
Flow range at 50% pure oxygen1 1.0 SLPM to 6.6 SLPM 
Control method Remote via RS-232 

1 At 12.2 psia with 21% oxygen at the inlet 

Control system 

The system is controlled by a small 
microprocessor and can be operated as a 
stand-alone system, or it can be operated 
while connected to a PC. When the system is 
connected to the PC, the system operating 
parameters can be adjusted and the system 
performance can be logged. When using 
closed-loop control, the sub-unit can receive 
commands from the head-unit which adjusts 
the oxygen output flow and purity. 

Sensors 

Several of the sensors that were used on 
the breadboard test stand were also used in 
the prototype system; these include the 
Omron flow meter and the Maxtec oxygen 
sensor. The pressure sensors on the 
prototype are smaller and lighter than the transducers used on the breadboard system.  

 

V. Prototype Unit Test Results 
We tested the prototype unit at three ambient pressure conditions ranging from 8.2 psia up to 14.3 psia. At the 

highest tested pressure of 14.3 psia, the system was able to produce 4 SLPM of oxygen at a purity of 90%. As the 
ambient pressure decreased (and also the oxgen partial pressure), the oxygen production flow rate decreased, but the 

 
Figure 8. Prototype enclosure. 
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Figure 9. Layout of prototype components. 

  

Figure 10. Pictures of TDA’s prototype oxygen concentrator capable of producing 4 LPM at 90% oxygen 
purity. 
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flow rate in actual liters per minute (i.e. the volumetric flow rate) increased still providing more than 4 LPM oxygen 
flow at 90% purity. At all conditions the system was able to produce oxygen at purities ranging from 50% to 90%. 
The product flow rates at each of the test conditions are shown in Table 2. 

Table 2. Product flow rates at various test conditions and product purities. 
 Pressure  PO2  50% 70% 90% 

Location psia psia O2 conc. LPM SLPM LPM SLPM LPM SLPM 
Wheat Ridge, CO 12.2 2.56 21% 7.8 6.5 5.4 4.5 3.9 3.2 
Cleveland, OH 14.  3.00 21% > 8.2 > 8.0  6.0 5.8 4.1 4.0 
Vacuum   chamber 8.2 2.32 29% 10.5 5.8 7.1 3.9 5.2 2.9 

 

Human respiration is a mainly a constant volume process which is largely independent of ambient pressure. 
Thus, to compare the performance of the system at lower pressures, we are presenting the product flow rates in both 
standard and actual liters per minute. 

Environmental chamber tests 

In order to test the oxygen 
concentrator at various 
environmental conditions, we 
configured a steel vacuum 
chamber with a diameter of 24” 
and a length of 24” for our 
testing. The piping and 
instrumentation diagram for this 
system is shown in Figure 11. 
Figure 12 shows the picture of 
the environmental chamber with 
TDA’s 1st prototype unit (T-
101). The pressure of the 
chamber was controlled with a 
vacuum pressure regulator and 
the oxygen concentration was set 
by flowing a pre-mixed 
oxygen/nitrogen mixture into the chamber.  

In order to prevent generating an atmosphere with an 
increased burn rate at the higher oxygen concentrations, 
the maximum oxygen levels during our testing were set 
in accordance to NFPA 99B (Standard for Hypobaric 
Facilities, 2005 ed.), which states that the maximum 
oxygen concentration at a given pressure is set by the 
expression: 

Max O2 = 23.45/P1/2 

Where P is the pressure in atmosphere. Thus at a 
chamber pressure of 8.0 psia (0.54 atm), the maximum 
oxygen concentration at which the burn rate is not 
increased is 31.9 %. In order to stay below this level, we 
used a premixed bottle of 30% oxygen in nitrogen to 
test the system at 8 psia.  

Although this concentration is less than the stated 
requirement of 34% oxygen at 8 psia by NASA, our 
system is still able to produce the required 4 LPM at 90%. Thus, if the oxygen concentration were increased to 34% 
in our test system, the performance of the prototype would further exceed NASA’s performance requirements. 

 

Figure 11. P&ID of the environmental chamber test stand. 

 

Figure 12. 1st prototype inside environmental 
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VI. Conclusions 
In order to develop a low-power portable oxygen concentrator for use in microgravity applications, TDA is 

utilizing a vacuum swing adsorption process with a custom air separation sorbent that has superior performance to 
commercially available sorbents. Based on parametric testing of vacuum swing adsorption parameters on a 
breadboard system we have identified operating conditions at which we can generate 90+% pure oxygen using less 
than 30 W per LPM of product. Based on the experimental breadboard results, we have designed, fabricated and 
tested a low-power and lightweight oxygen concentrator that can produce 4 LPM of oxygen at 90+% purity for use 
in microgravity applications (TRL 6). 
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