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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 
prototypes were fabricated and installed in a manifold housing to provide a total flow 
greater than 15 LPM of oxygen with closed loop control based on the patient requirements. 
The system has been demonstrated at TRL 6.  

I. Introduction 
As humans reach out to explore the moon and Mars and with 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 extended 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 has the potential to increase ambient oxygen levels above the 
vehicle oxygen fire limit. 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 with 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 
a 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 that 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. 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. 
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Ambient temperature operation allows rapid start-up times, and virtually isothermal operation enables a high sorbent 
utilization via the rapid cycling of the beds (i.e., there is no wait for any heat/cool transitions). 

 

II. Prototype Unit Description 

System overview 
Based on the operating conditions and hardware 

evaluations on the breadboard system, TDA designed 
and built an 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 1. The dimensions of the prototype unit is 11in 
10in x 7in and the system weighs 17.1 lbs. 

The system is housed inside a modular OKW 
D220 meditec instrumentation case. This type of 
enclosure allows for rapid testing of the prototype and 
provides a portable user interface. To make the 
prototype unit gravity-independent, the typical oxygen concentrator components that rely on gravity have been 
removed in the design. For example, the gravity-dependent rotameter has been replaced with a gravity-independent 
mass-flow meter to indicate oxygen flow.  

Figure 2 shows the prototype oxygen concentrator with the touch-screen display for standalone usage. The 
device can also be operated remotely using a serial datacable for integration with other health-monitoring or medical 
equipment. However, for fast startup, the system defaults to 90% oxygen purity at a flow rate of 4 SLPM. The 
prototype also includes a bayonet attachment for a Gentex First-responder Fire Cartridge for use in a post-fire event. 
In the case of fire in a small NASA spacecraft, the crew members breathe oxygen-enriched air from the portable 
oxygen concentrator which also removes hazardous smoke compounds through the fire cartridge. 

 
Figure 1. Oxygen concentrator flow diagram. R1 and R2 
are the sorbent beds and T3 is the buffer tank. 

 
Figure 2: Prototype 4 of the 4-SLPM low-power oxygen concentrator. 

   Table 1. Summary of prototype specifications. 
System weight 17.1 lbs 
System size 11” x 10” x 7” 
System power 133 W 
Power requirement (Max.) 28VDC, 5A  
Flow range at 90% pure oxygen1 1.0 SLPM to 4.0 SLPM 
Flow range at 50% pure oxygen1 2.0 SLPM to 8.0 SLPM 
Control method Remote via RS-232 

1 At 14.7 psia with 21% oxygen at the inlet 



 
International Conference on Environmental Systems 

 
 

3 

Control system 
All four prototypes share the same custom control 
board (see Figure 3) that improved the reliability and 
reduced the system size. The control board 
incorporates connectors for the temperature sensors, 
integrated pressure sensors, a 24VDC to 5VDC 
converter to power the electronics, valve relays, and a 
mounting point for the microprocessor. The custom 
board has expansion slots that allow it to be used for all 
prototypes. The brushless motor controller is placed on 
a separate control board for ease of assembly in the 
system. The prototype with the cover removed is 
shown in Figure 4. 

 

 
 

III. Prototype Test Results 

Compact sorbent bed operation 
Throughout the prototype development phase, each subsequent design iteration resulted in smaller bed sizes. 
Smaller beds reduce the size and weight of the system, but require increased system cycle frequency. The smaller 
bed volumes also mean that the ratio of dead volume to sorbent volume tends to increase. A 300 hr test of the 
smaller beds (230 ml each) showed that there was no drop in performance (see Figure 5). The small sorbent beds 
were able to generate up to 4 LPM of 90+% pure oxygen with a normalized power consumption of about 32 W/L 
(total power of 128 W). 

 
Figure 3: Integrated components on custom control 

board. 

 
Figure 4: Inside of prototype 4. 
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Bed pressure analysis 
The 2nd prototype was operated for several hours for shakedown testing and for preliminary performance evaluation. 
The system was able to generate ~4 LPM of 90% pure oxygen. The pressures of the sorbent beds cycled between 
4.2 psia during regeneration and 24.0 psia during adsorption. The size of the buffer tank is such that its pressure 
operated between 24.0 and about 18.5 psia during the cyclical operation while flowing oxygen product at a constant 
4  LPM (see Figure 6). 

 

 

 
 

 
The implementation of the electronic flow control has significantly smoothed out the product flow without 
negatively affecting the system’s performance (see Figure 7). Although the flow is smoother, the fluctuations in the 
buffer tank pressure have increased. This buffer tank pressure increase has no effect on the performance of the 
oxygen concentrator module. 
 

 
Figure 5: Steady-state operation of the breadboard system. 

 
Figure 6: System pressures during operation. 
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Electronic flow control 
Although the pressure in the buffer tank cycles between 24 and 18.5 psia, the oxygen flow from the system is 
maintained constant by using an electronic flow control valve. The oxygen flow is measured with a mass-flow-meter 
which, in turn, is controlled with the control valve. Prior systems used a mechanical flow control valve, which 
caused large oscillations in the oxygen flow. The difference between the mechanical flow control and the electronic 
flow control is shown in Figure 7 
 

 

Speed and flow adjustments 
One of the key benefits of the oxygen concentrator is that it is able to operate at different speeds depending on the 
needs of the patient to conserve electrical power. Furthermore, the concentrator can operate in either high-flow 
mode at lower oxygen purities, or in high-purity mode with slightly lower total flow. With these adjustments, a 
precise oxygen prescription can be provided while minimizing power consumption.The performance of the 4th 
prototype was validated over the full range of operating conditions, from 50% to 90% oxygen purity at low, medium 
and high pump speed settings.  

IV. Parallel operation 

Speed and flow adjustments 
To operate four units simultaneously in parallel, a 4-bay frame was built with incorporated power, communication, 
and oxygen lines (see Figure 10). The manifold unit was tested with all four prototypes operating simultaneously, 

 
Figure 7: Product flow with mechanical control (left) and electronic control (right). 

 
Figure 8: Purity vs flow at three power settings as 
represented by motor speed in rotations per minute 
(rpm). 
 

 
Figure 9: Normalized power consumption at three 
purity levels. 
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which generated a combined flow of 10 LPM. During this evaluation, the combined flow rate was tested with a 
DryCal flow calibrator (max scale of 30 LPM). The flow on each unit was also tested individually using the same 
DryCal flow calibrator. The flow rate for each prototype was not affected by whether or not it was attached to the 
manifold. The product purity was independently verified to be 91% using a California Analytical Instruments 
oxygen analyzer. 

During this test it was found that a number of the models were not performing as 
well in the manifold frame as they did outside of the frame. This is likelydue to a 
lack of airflow around each of the individual units, which in turn caused the 
nitrogen to be recirculated inside each unit, causing decreased performance. 
Prototype 4 is vented outside of the enclosure and therefore did not exhibit this 
performance drop. Increased performance of the combined system in the rack may 
be achieved by improving the cross-flow ventilation across each unit in the rack. 

 

V. 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. TDA has built several prototypes which can can 
generate 90+% pure oxygen at 4 LPM using about 32 watts per LPM of product. 
In order to cater to the precise requirements of the patient, while minimizing 
power consumption, the oxygen concentrator can operate at different speeds and 
at different oxygen purity/flow levels. The final prototype from this project is at a 
technology readiness level (TRL) 6. 
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Figure 10: 4-position manifold 
unit. 
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